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Abstract 
The Arbitrage Pricing Theory (APT) is very popular in modeling securities 
return in the financial market. I-Io\ve\er there are many criticisms concerning 
the estimation of tlie pricing equation that is the central conclusion of tlie APT. 
The main criticism focuses on the validitv of tlie conclusion that is produced by 
estimating the factor model and the pricing e(|uati()ii soi)ararely. This two-stage 
Classical appioadi is seriously critici/xHl for its (、iT()i-iu-Yai.iahk、prohlom. In view 
of this, a new approach that is leased on the Stnictiiral Equatioii Model (SEM) is 
developed to estimate the factor model and the pricing equation in a single step. 
The SEM approach estimates paranicteis simiiltaiieoiisly and will not lead to 
the enor-iii-varial)lo i)i,()l>l(、m. h(、u(.(、piovidiiig mm.(、statistical sound cstiniatos. 
Fiirtheniiore, the validity for both the factor model and tlio estimated pricing 
equation can be assessed coiicuireiitly, therefore leading to a valid judgnieiit for 
the proposed APT model. Since the SEM is a coiifinnatory approach, it allows 
the incoiporalioii of. (、xpri,ris(> in t lie ost iinarion ])i'(x-(>ss that makes the estimated 
model more realistic ami conipielicMisihlc. In addition, (his a(l\.am.('(l approach 
facilitates the modeling ami analysis of bot h ()l)Scr\-ocl economic factors and uiioh-
semU)l(、factors. Aii eiiipiiical study based on stocks from the Hong I〈(mg Haii,u; 
Seng Index (HSI) and siniiilarioii studies are used to (lonioiistiatc (he application 
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Tlie Arbitrage Pricing Theory (APT) is originated by Ross (1976) and ex-
tended by Hiibermaii (1982). Market model implied from the tlieory has been 
widely adopted in financial modeling after its introduction. Its popularity mainly 
comes from the less stringent leqiiiieinent. iiioio i)laiisil)k、assiiiiiptioiis and also 
its better ability in explaining anomalies. The iiicdianism of the theory will hp 
introduced in Chapter 2. 
Common estimation practice in building a model based on the APT is a two-
pass process, which is called the Classical apinoadi. It is composed l)y a factor 
model and a cross-sectional regression model. Howe\'er. empirical studies con-
cerning the theory that employ this two-pass method suffer from great criticism 
in many aspects. In Chapter 3, the framework and the incurred ri.itiques will he 
addressed in details. 
The crucial ciiticisins a riser! from the separation of cstiinarion process into 
two stages. Therefore, in Cliaptcr 4 a proiniiiont teclinicnio. rlic SEM approach 
will l)e introduced in which rlir rstiinatioii ])i'()coss can 1)(> accomplished within 
one step. Its fraiiiewoik and advantages m-。i. the existing method would 1)(、statonl 
ill the Hipaii time. A deopci' coiiipaiisoii. which is basod (川 a simulation stuclv 
would also he discussed in Cliai)(er 5. M(u.c'ov(、i.. applicatimi of du、SEM app⑴acli 
based on real data will l)e illiistiarpcl in Chapter G. 
Finally, the overall advantages of the SEM approach over the Classical one 
. 1 
will be summarized in Chapter 7. Direction for possible future research will be 
suggested as well. 
.2 
Chapter 2 
The Arbitrage Pricing Theory 
2.1 Model and Assumptions 
The Aihitiage Pricing Th(、oiy (APT) is an asset pricing model, that is proposed 
b’v Ross (1976). The theory is derived based on the xivw that secmities are close 
substit utes. Consequently, slight (leviation in pricing leads to a chance in making 
profit. The deviation in demand then will drive up the price of the securities 
lip and thereby a (h.oi) in profit. These trading activities will continue until all 
arbitrage possibilities are eliiiiiiiated. In other words, the market is in equilil^riuni 
when no arbitrage possibility is present. 
The primitive assumption of the APT, is that the covariation among assets' 
returns can Ije linearly captured by A'systemat ic factors. When every investor has 
homogeneous hrliof conanning the iiioveincnt ()f retuni. (he rdatioiisliip among 
(lie random return of a security the K arnwion (or systematic) factors 
. . . J k and a unique (or unsystematic) factor <f, can he depict ocl as I)olo\v. 
r, = h,(、+ hn I\ +••• + + f, i = 1 ……(2.1) 
By taking rxpectatioii on both sides.、y(、hav(、 
Ein) = 6,0 + bnEiJ]) + ... + + E{s,). (2.2) 
Denote the expected rotuni of security-/, £(/.,). by Th(、ii /,,(, can he (、xim、ss(、d 
.3 
as 
仏:o = "7 - bn £ ( . / , ) - . . . - 6,:/、£(//、-) (2.3) 
since B{£i) == 0. 
Substitute (2.3) into (2.1), it becomes 
n 二 + (/i 一 E{h)) + ... + bu<{fK — E(fj,)) + (2.4) 
If /i . f2 , . . . , Jk are considered to he mean zero, (2.4) can be simplified as 
Ti = IM + b,].f\ +-.. + kh-fK + (2.5) 
Referring to (2.5), tiie common factors capture the systematic component of 
risk with quantifying the sensitivity of security-?' to the cornmoii factor. 
In contrast, the unique factor is a risk component that is idiosyncratic to its 
corresponding secmity. To enable the separation of ( ommoii risk and unique risk, 
a further assumption, cov{ei, fj) = 0 for all ? and J. is needed. 
Suppose now an investor is holding a portfolio consisting of n securities with 
cii fraction of funds invested in the security-?. The expected return of the port-
folio r(p) equals the weighted average of the expected return on the individual 
securities. That is, 
•n 
7—1 
Meanwhile, the factor sensitivity of the portfolio conespoiiding to each of the K 
factors can he expressed as 
n 
f){p).:i 二 for J = 1…… 
/=i 
Denote t)ar(5,) and the a\-erage variance of by or and Tf- = ^ YJU\ respec-
tively. If equal funds are invested in each of the socuiities with tho nnitually 
iiiclepeiident assiiiiiprioii of tho uniciue factors, then the iiiiiquf、risk of the port-
folio is 
“ \ .) 
V (liSj) 二 一 
h I) 
4 
which tends to zero when n is sufficiently large. Hence, for a well-diversified port-
folio, the unique risk is not of concerned and what will matter is the systematic 
risk. Ultimately, variation of the portfolio return can he expressed as 
where « = ( « ! , . . . , «,„)『is a vector containing the proportion of investment in each 
of the n portfolio constituents; (I) 二 cov{f]...., //,-) denotes the covariance ma-
trix among the factors which are the main driving force in the retlun-generating 
process and B = (b^,.. .,6a) is the factor loading matrix, with bj = . . . . b^j)^ 
containing the sensitivities of the n securities to the f '' fact or. Nevertheless, terms 
that affect the systematic risk in a portfolio are 6(p),卜.•.，/)(p)’/、'. Since investors 
only concern with the expected return and risk that they would envisage, only 
K + 1 attributes of a poi.tfolio are of coiiceniecl. and they are the portfolio letmn 
f(p) and the portfolio risk /知， . . . . ！)⑷ 
2.2 Derivation of the APT 
Suppose now an investor considers to diaiigo the composition of his or her ex-
isting portfolio. Let ;r = (.T|, . . . , be tlie chaiige in the portfolio proportion 
for each of the components. If the investor puts in no extra capital, this alterna-
tion vector X must satisfy E L i = 0. Generally, it is equivalent to express this 
condition as 
= 0 (2.G) 
where c is a n x 1 coluiiiii vector, with all of its d(、m(、uts equal to an arhitrarv 
constant, say Aq. 
Under the th(-、()i.(、tk-al assuiiiption of a t.i.icti(ml(、ss market, cvciy invcsror 
should have the .saiiic chance to search for a possible iii(T(>as(、in his or h(、r |)()i itoli() 
return. If tliis gain iiiduccs no extra risk and i.(:、iiiii.(、s no additional invostiiiPiit. 
then this portfolio is said to an arbitrarje portfoho. 
.5 
From (2.5), the change in portfolio return for the re-structured portfolio equals 
n 
x^r = ^ Xi'Vi 
7: = 1 
n 
=J2 工 iil^i + /l + l)i.2f2 + • • •+ ^rl<fl< + ^ i) 
7:二1 
n n n n n 
二 叫 ‘ " i + Y.工办 1 /i + 工办.山 + ••• + ! ] ^AkIK + 而 
？:二1 ?：=! ？;=1 i=\ 7=1 
二 o cT+ x % /, + .r厂62/2 + . . . + + x^e (2.7) 
丁 
where r = ( r i , . . •, and “ = ("i，...，"„) contain the random return and 
the expected letiini for eadi of the n portfolio components respectively. While. 
£ 二 £,,)7’ contains the coit哪oiidiiig miique factors. 
If the economy consists of an infinite luimbor of assets or it is so large that 
the law of large number can be applied, then the last term in (2.7) can be 
approximated to be zero. Hence (2.7) l)ecoiiies 
x'^r = :r了 “ + :t:Th�/, + x''1)2/2 + •.. + .rThidi�• (2.8) 
To be an arbitrage portfolio, it should bear 110 additional risk for an extra 
gain. As the unique risk can be diversified away, the only risk that subject to 
consideration is the systematic risk. Therefore, the change in the systematic risk 
for an arl)iriage portfolio should eciual to zero as well. That is. 
n.Tbj = (、 for J = 1 K. (2.9) 
Substitute this constiaiiil to (2.8), the additional return aiised from i.cstnir-
turiiig the oiigiiial portfolio IxTOiiies 
T T X r = X //. 
However when the market is in equililn.iiim. 110 arl)itrage oppoituiiity should 
be i)i.(:、s(、m. Ill other words, a jxortfolio satisfying (2.6) and (2.9) should not giv(、 
i.isc to any additional gain. H(、iic(、tli<、return of an aihitragc portfolio fiiiallv 
would i)ecoine 
: r , r 二 :," // = (). (2.10) 
.6 
Ill brief, without using extra capital, c = 0, and bearing no additional risk. 
x^^bj = 0 foi, j = 1,...，K. the portfolio should not provide additional gain in an 
equilibrium market, .r^// = 0. Mathematically, it is equivalent to claim that // 
lias a linear relationship with c = AqI and B = ..., as follow： 
// = AqI + Ai6I + X2^2 + • • • + 
= A o l - f BA (2.11) 
where A = (A i , . . . , A")厂 are the corresponding coefficients of B. 
Equation (2.11) is named as the pricing equation, which is the central conclu-
sion of the APT. It concludes that the excess expected returns -AqI) lie in the 
space spanned by the factor loadings b\,... The constant term Ao in (2.11) 
is the return when the portfolio does not subject to aii.v systematic risk, which is 
interpreted as the risk-free rate ?/. On the other hand, A,, ...，A八-are named as 
the factor risk premium. 
2.2.1 Factor Risk Premia 
Consider " ⑴ to be the return of a port folio with only unit systematic risk on 
the factor; that is 6, = 1 when i = j and 0 otlieiwise. It results in f t ( j � = Ao 
+ Xj. With appropriate reaiiaiigeiiieiit, the risk pieinia of the factor can 1)(、 
expressed as 
A尸 / /⑴ - r / . (2.12) 
Tlierefore, the pricing equation in (2.11) can be written in another form 
//, = Vfl + ( / / ⑴ — + ( "⑵ - r . f 、 h 2 十 . . . I ( " ( 八 • ） - " / ) / ) /、• ( 2 . 1 3 ) 
Tli(、factor f, will he claiiiicd to 1)(、i)i.in、(l if its cmn'siMmdiiig factor risk piciiiia 
ill (2.12) is iioii-zeio, which is (xpiivalw" to liav(> //(.” + vj. While the value of 
7.厂 represents the return of a riskless security. thei.d.()i.<、a noii-zeiu \alii(> of is 
referring to the extra nHiini provided for the risk that is iiichia'cl l)y /). 
I 
Chapter 3 
The Classical Approach 
Existing technique in estimating the pricing equation is a two-pass method, 
which is termed as the Classical approach. When the underlying factors are some 
observed economic indicators, a regression model will be fitted in the first stage. 
However，factors are usually unobserved in most circunistances. A statistical 
factor model would often be adopted to uncover and identify the latent factors. 
Then, a Cross-sectional Regression (CSR) would be performed. with the esti-
mated regression coefficients or the factor loadings 61... . , bi、- from the previous 
stage as the explanatory variables. Afterall. validity of the niodol and rlie signif-
icance of the piesiiined factor risk premium Ai A/,- can be judged tVoin the 
CSR result. 
3.1 Factor Analysis 
When the underlying factors are iiiiol)seival)l(\ the exploratory statistical tech-
nique, Piiiicii)le Factor Analysis (PFA), is usually oniployed in th(、first Mag(、to 
analyze the factor model. Factor loading matrix B = ( / j , 八 . ) i s rsriiiiatod 
such that it can loest capture the sample co\aiiaiKes existing among the secu-
rities. Other rechiiiques sncli as tlie Pdm.ipk、Component Analysis (PCA) can 
l)e employed. The main (liffm、ii(.(、bctwocii PFA and PCA is that PCA aims 
at capturing \-aiiaiices of the ol)seiv(、d variables while PFA aims at capturing 
8 . 
the covariances instead. Connor (1995) has tested the explanatory power of dif-
ferent factor models based on the number of factors they have included. Two 
alternative factor models, the macroeconomic factor model and the fiiiidanieii-
tal factor model, are compared. Concretely, macroeconomic factor models are 
constructed by treating some observable economic fundamentals as the system-
atic factors based on an intuitive sense. Therefore, it reduces to a time-series 
regression model. On the other hand, fundamental factor models are constructed 
with some empirically detennined attributes acting as the factor loadings in the 
return-generating process. Nevertheless, the statistical factor model has found to 
be outperform the other two models in terms of the explanatory power. 
For a n assets portfolio, the returii-generatiiig process that follows a K factor 
model can be depicted as 
Tr 二 hm + h\I\ + 1)12h + •.. + ly,i<fi< + for i = 1，.…n 
or r = bo + 6, /, + 62/2 + . . . + 6/,//,- + f (3.1) 
vvliere e is a 'n x 1 vector of inoasiireiiient mors. IT is assumed that E(I) = 0 and 
- '厂)is a n x n diagonal matrix comprising the unique risk components. 
The Maximum Likelihood (ML) optimization procedure, suggested by Joreskog 
(1967), would be adopted to estimate the loading niatiix D and tlie error covaii-
ance matrix (-)£ in an iterative manner. The resiiltaiit estimates arc most con-
sistent with the sample data under the assumed normal (listrihutkm coiKcniing 
the securities' return r = (n，...，r"” and factors f = (/,, •... fj-)'\ Meanwhile, 
it enables us to perform a Likelihood Ratio (LR) test to estimate K. which is 
usually unknown. 
The null hypothesis of a LR l(、st conccins (he sufHcipiicv of h' factors in 
explaining the ro'turii-geiicratiiig process. Tlio concspoiKliiig l i ke l ihood ratio is 
obtained by dividing the likelihood valuo for a specific A' hy the uiiconstraiiied 
likelihood value. Under the mill hypothesis, twice the natmal logarithm of the 
likelihood ratio is asymptotically (listi.il川ted with degrees of freedom (、qual 
to — I\f - {n + A')]. The t(、st would pi.ocwd on with K being raised hy 
.9 
one each time, until the null hypothesis is not rejected. Therefore, K can be 
estimated. 
Other tests may also be employed in determining the number of factors. For 
example, values of the eigenvalues for the correlation matrix are checked under 
the Kaiser-Guttman rule (1954, 1960). On the otlier hand, an appreciable drop 
of eigenvalues is examined under the Scree test by Cattell (1966). However these 
two methods are not recommended in general because they are either not robust 
or being too subjective. Loehlin (1992) pointed out that chance fluctuations 
might easily make an eigenvalue moving around the fixed l)orderline, which may 
lead to a different decision for the niimbei. of factors. For the Scree test, there is 
difficulty in detecting a substantial drop in eigenvalues when the model consists 
a small number of variables. 
Apart from the iML algorithm, the Generalized Least-Squares (GLS) opti-
mization procedun? may also bo employed if K is known or predetermined. How-
ever (he ML pioceduie is preferred iii a statistical sense. Specifically, it is possible 
to calculate estimated standard error for each factor loading estimate and hence 
to conduct the traditional statistical test about the significance of the loadings. 
Moreo\-er, (he fit function under the ML algorithm Fml (an l)e used to define 
a variety of goodness-of-fit indices for (nahiatiug the overall model fit. The value 
of fit fuiK tioii is minimized sequentially to giw hettPi. estimates. The fit fviiictioii 
subjects to miiiiinization is 
厂A", 二 — I S 卜 ― 口 + r r ( ‘ s r ' ) - " (3.2) 
where S is the ol)S(>i\-e(l sample coxaiiance matrix, L is the luedk.trd coxaiiance 
matrix and ii is the order of the sample co\-aiianco matrix. Wit hout loss of goner-
ality, the underlying factors m.(、assumed to be mean zero and being orrhoiioiinal 
so as to eliiniiiato tlie problem of iiideroniiiiiacy. That iis, 
EU) = 0 mi(l covif) = I. 
Understancliiig that factor analysis is indeecl a tecliniqiie based on analyzing 
the coYai-imice structuiv in (iio saiiii)le. Tho ostiiiiatioii proccss t heiefore reduces 
.10 
to find the estimates of B and such that the sample covariaiice matrix S = 
can be best modeled by the following relationship in the population. 
E - BBT + €)£ (3.3) 
After estimating the factor modeL significance for each factor coefficient 6” 
can be judged according to the t-statistic obtained from the al)ove Exploraton-
Factor Analysis (EFA). 
3.2 The Cross-sectional Regression 
Once the estimates of the factor loading matrix B are obtained, the next 
step is to estimate the factor risk premiiiin Ai , . . . , A八.in the pricing equation. A 
croas-sectioiial regression over the time period T would he perforinecl. Either the 
GLS or ML optimization algorithm would be adopted, since tliey are equivalent 
under the normal assumption. 
One crucial point is the tiine-invariaiit assuiiiption regarding the estimation 
process throiiglioiit the sample period, T. Thereby, the mean retiiin //, will be 
regressed on the i)iesiiniecl time-invariant factor loadings 卜 across the 
concerned time interval. Thus, (he factor risk premium in the pricing equation 
can be estimated from 
//,,： = Ao + Ai/),:i + . . . + A/、/)"、. 
= r j + /\|6,:i + . . . + XiJ),K for all 7. (3.4) 
111 i)ractice, T )丨 [ .…ob t a i n ed from (3.1) would 1)(、substituted to he the 
observed exi ) la i iatory \-aiial)les in (3.4). based on th(、assiiini)tioii of tho al)sence 
of measurenieiir error coiiceniing !)丨」.W'hWv the sample incaii lotmn r, would Ijc 
regarded as the dependeiit variable. Th(、ii (lie pricing equation in (3.4) bcx-oincs 
1厂 - -
r, 二〒 ^ n j = ''/ + 丄...A/、/人八.-(:, (3.5) 
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where e,； is a random residual error term assumed being uiicorrelated to each 
other and of mean zero. That is, 
E{ej) = 0 for all i and e^) = 0 for i + j. 
Thereafter, significance of the presumed pricing factors can l)e tested accord-
ing to the estimates in (3.5) by assuming the factor model in (3.1) has been 
correctly specified. The theory will not be rejected if the joint hypothesis Hq： A, 
二 . . . = A/、’ 二 0 is rejected. Besides, validity of the estimated pricing equation in 
(3.5) can be determined based on the coefficient of determination. R-. 
Finally, the priced factors should he identified. It is achie\'ed through rotat-
ing the orthoiiormal factors in (3.1), whereas iiiterpretation is sought through 
inspecting the pattern of the rotated loading matrix. 
3.3 Critiques Concerning the APT 
In spite of the nice properties of the theory, the estimation method that 
encumbers empirical studies towards the APT suffers from heavy criticism. Most 
of the debates concern the use of 6,；,, ...，bu< as the explanatory variables in 
(3.5)； however they are estimates indeed and suffer from ；sampling error. The use 
of such explaiiatoiy variables thus causes the so-called Eiioi-iii-variable (EIV) 
problem. 
One of the strict assuinptions being imposed in the first-stage rstiiiiatioii is 
the iiidepeiiclence structurc among the residuals. Retuni-, anioiig secuiities are 
only allowed to be correlated through factors, while residuals are uiicorrelated. 
Ordinaly tests concerning the validity of the APT is Ijasecl on this fundaiiieiital 
assumption. However, firms l)eloiigiiig to the same industiy might possess an 
iiidustiy-si^ecific effect on their returns. Residual variance would he uiulcresri-
inated if this is the case. Wong (1994) has tried to tree tlie elements of error 
co\-ariance in fitting a Capital Asset Pricing Model to 13 Hang Seng Index con-
stituents. A Lagraiigian Multiplier test with LISREL approach was performed 
to identify which error (ovaiiaiK.e terms are needed to lx> set free. The result 
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indicates that setting some of the error covariance terms free for estimation is 
necessary. These error covariance terms are in fact significant that help to give a 
better goodness-of-fit. Jones (2001) has proposed a framework to deal with the 
heterogeneity problem in factor analysis; however it is still unable to model error 
covariances. In order to perform individual test for "pricing" factors in the CSR 
model, the error terms must be uncorrelated. While test for “pricing” factors is a 
critical step in constructing the APT model, modeling of error covariances would 
be sacrificed so as to enable the tests in the Classical approach. 
Another problem is that there is no way to incorporate expertise or am, well-
known market information in the estimation process. As stated before, it is 
logical for firms under the same industry to have correlated residuals. However, 
no common practice is available. Therefore, the estimated model can only have 
a statistical sense but lack of an interpretative meaning corresponding to the 
realistic capital market. 
Since the Classical approach involves two separate estimation steps, there is 
no index that can indicate the direction to revise the model with both the factor 
model and the CSR model being taken into account. 
Another issue that of concerned is the testability of the APT. Orclinaiy test 
against (he APT is acx-oniplislied tluougli examining the non-existence of extra 
factors hindering in the residuals for the CSR model. Since the elimination of 
residuals is believed to be practicable by forming a diversified portfolio, which im-
plies that expected return should not be affected l)y residuals. The APT would 
be rejected once the residuals are found to have the ability in explaining the 
movement of returns. Howovor. the test of APT only iiivoh-es testing the pricing 
equation while the factor model is assuined to hv known or can he coiiecrly spec-
ified. In fact, the overall APT cannot he justified under the two-pass appioacli. 
Empirical study by Chen (1983) shows that tests against the APT basod on 
the Classical approach will be biased, if any important factor is missed owing to 
the use of uiuepreseiitarivc sample. Besides. Roll ami Ross (1980) have i)ointecl 
out that the test for "pricing" factors l)asecl on (3.4) is l)iased. 
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Even the APT can be shown to be valid, there is still difFicultv in identify-
ing the underlying factors. Rotation is usually adopted to seek interpretative 
meaning for the factors in terms of some economic fundamentals. Indeed, it is 
a quantitative procedure that aims to transform a loading matrix to one with 
simpler structure. But, it does not provide the practicability to express a rotated 
factor ill terms of some observed economic fundamentals. On the other hand. 
Shanken (1982) demonstrates that factor structures originated from factor analy-
sis can be very different when unrepresentative assets are utilized. Furthermore, 
there is no assurance that factors being identified for a portfolio would conform 
among different sample period. 
The above listed crucial defects arisecl from the Classical method seriously set 
V' 
back the development concerning the APT. 
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Chapter 4 
The Structural Equation Model 
Approach 
In view of the problems being addressed iii the previous chapter, the use of 
Structural Equation Model (SEM) is proposed to substitute the Classical one. 
The estimation procedure concerning the factor model and the pricing equation is 
consolidated into a one-stage process. This one-stage process is achieved through 
analyzing the factor model in (2.1) and the pricing equation in (2.11) simultane-
ously. 
4.1 Combining the Factor Model and the Pric-
ing Equation 
Consider the K iiiiderlyiiig factors F、，F).…,Fj,- having non-zero mean, tlie 
retuni-generating process can depicted as follows: 
/•/ = //,() + IF\ + h , 2 + . . . + 丨K厂/、+ 三i for V； = 1 (4.1) 
Taking expectation on both sides of (4.1). Hie expected letuni of security-?' 
l)f comes 
//,, = E{n) = /),o + b 丨 、 + 厂2) + . . . + /),/、-厂(厂/、). (4.2) 
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By substituting it into (4.1), the standard form of the factor model can be 
obtained and is given by 
n = E(r,) + bu (F, — E{F,)) + b.丨式F‘2 — EiFo)) + ... + b,,八F!, — + e,： 
= I M . + bn /i + 6,2/2 + ••• + budi< + (4.3) 
where fj = Fj - E{Fj). Note that equation (4.3) is reduced to the same form as 
(2.5). By further substituting (2.11) into (4.3) and replacing 6./。by r；, we have 
r,； = [rj + bi] A] + ^2X2 + • • • + 6,：A*A；,-] + 6,1 /, + 6,2/2 + . . . + 6,:/、-/八-+ £,； 
= R / + 6,1 ( / I + AI) + 6,2 (/2 + A2) + … + 6,： A-(/A- + X K ) + G (4.4) 
which reduces to a combined model comprising the factor model and the pricing 
equation. 
4.2 Framework of the SEM with Mean Struc-
ture 
The estimation of pricing equation through the SEM methodology is derived 
based 011 the x measurement model in a LISREL model. Observed variables x = 
(iTi，...，Xn)'^  are served as indicators for the unobserved factors《=(《卜…，《八.)'厂 
through regressing x on 
Indeed,《* 二 (。*，... •《//)『is coiisiclered. in which f = + k. Intuitively. 
has a non-zero mean s = {k\ ——，"./：广• which is termed as latent vicaii. It is the 
presence of this additional struct 11 re that leads the SEM analysis coiiiplicated. On 
the other hand, the intercept vector r = ( '1 . . . . . r,,)^ is assiiined to ho uoii-zero 
when H is free for estimation. Therefore, the general foi ni of tli(、.r m(、asiir(、innit 
model that is subsumed in tlio SEM can IK、written as follow： 
/ \ / \ / \ / c , \ ( \ 
X\ T\ f CJii 0；12 … … （ ） f + K'l £、、 
.ro T2 0；21 ^22 ...丄’.2 八’ + c‘） 
二 + ‘ 
• • • 争 秦 • . . » • • • . 
• • • • • 争 « . 
\ -Tn / \丁1) ) \ 丄’"I 。V2 ...丄’,"、-/ \ G、- + � / \ cn / 
1G 
or X = T + + K.) + £ 
or x = T + n C (4.5) 
where Q. contains the regression coefficients coij for i = 1 , . . . , 71, j = 1 , . . . . A'; 
rp 
while £ = (£1,…,£n) represents the measurement errors. 
Specifically, the SEM would model the measurement errors e as well. Al-
lowance for the presence of e implies that observed variables cannot be some 
infallible indicators for the unobserved factors. Beware that measurement errors 
e are assumed to be uncorrelated with the systematic f a c t o r s b u t they could 
be correlated among themselves. That is, both 二 and co?;(《*) = $ can 
possess non-zero values in the off-diagonal entries. 
Owing to the presence of unobserved factors in the model, parameters cannot 
be directly estimated. Instead, the covariance structure among the observed 
variables, denoted by S, would be analj'zecl. In order to satisfy the relationship 
among x and in (4.5), the model implied co\-ariaiice matrix S should satisfy the 
covariance equation: E 二 M ^ F + G^. Since the implied covadmice matrix is a 
function for part of the parameters of interest, estimates of the loading matrix Q, 
the factor covariance matrix (I) = — - k) ] and the error covariance 
matrix = 厂)can l)e obtained. On top of it, the mean structure of x, 
denoted b\- would be analyzed coiicuneiitly. The iinol;)sorve(l mean vector k 
and the intercept vector r would be estimated which would satisfy the following 
relationship: 
fi = r + O.K. (4.6) 
The goodiiess-of-fit of a model would he judged after each estimation process. 
Basically, a model's fit reflects the degree of consistency between a hypotlietiod 
model and the input data. Y(、t:, if the sample is large enough, it is reasoiiahlo to 
use sample co\-ariaii(o and samplo mean to cstiiiiatp the population covariaiKv 
and iiiean. Hence, the goodiiess-of-fit is lefciiiiig to the c loseness of a hypothetical 
model and the population m o M in s()iu(、sense. For the SEM in (4.5). both the 
model implied covariance matrix E and mean vector 厂/ would l)e compared to S 
and X respectively. The closer they are. the benter is the fit. 
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The software LISREL will be adopted in the forthcoming analysis, because of 
its advanced built-in function, especially for the SEM analysis. In particular, the 
analysis of latent mean structure for SEM using LISREL was first proposed by 
Sorborm (1974). 
For the above estimation, six types of parameters are involved: thev are the 
parameters in r, k, e, <I> and 0£. In practice, some of them will be fixed to a 
specific value, called fixed parameters; some will be unknown but constrained to 
be equal to other elements, named as constrained parameters; and some will be 
unknown and unconstrained, named as free parameters. Nevertheless, it is ahvavs 
necessary to fix or constrain some parameters to address the model identification 
problem. 
The identification problem arises when the information provided is insufficient 
to give a unique solution for each of the parameters. When this problem occurs, 
the model is said to be iinidentified, liifonnatioii that can be provided for fitting 
the SEM are the covariance matrix and the mean vector of the observed variables 
X. For the model in (4.5), the iiiimbei, of noii-ieduiiclaiit information to l)e input 
equals to —十” + n. In order to guarantee a model is identified, this number 
should be equal to or greater than the number of parameters to be estimated. 
However, this condition is riecessaiy but is not sufficient for identification. To 
demonstrate a SEM is identified, it is necessary to express each of the paraineters 
in terms of the population variances, covariaiices and means of the observed vari-
ables. In practical applications, detecting the presnic.c、of identification pi.ol)lnii 
can be tied to the built-in diagnostic facility in the software. 
Since unobserved factors arc involved in the SEM inodol. tlioy possess lunther 
a definite scale nor an origin, which is named as a metric wholly. Hoiu e. a iiiot iic 
should l)e assigned for each of the factors in order to i)r()(lun> a \v(、l defined model . 
Without explicit spoTificatioii. a SEM is assiiniod to liavr zero uiiohsorvcd 
mean in LISREL. For a SEM with k = 0. mi observed variable would be selected 
to act as a reference variable foi each of the factors. Typically, a reference variable 
is tlie indicator that loads most lieavily on the diiiieiision rei)i-eseiited Ijy the 
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corresponding factor. Therefore, both the meaning and scale for an miobser\-ed 
factor can be anchored to that variable. For instance, fixing the value of cjy to 
one ensures that the unobserved factor is measured on the same scale as the 
reference variable Xj,. While under the assumption of zero unobserved mean, the 
origin for each of the factors is assigned implicitly at the same time when the 
scale is provided. Alternatively, one may set all diagonal elements in the factor 
covariaiice matrix to one. A scale is set up through producing a standardized 
solution for the underlying factors. 
However, the setting of a metric is much rigorous when the unobserved mean is 
noil-zero. Assume that Xj is selected to be the reference variable for ^j. Similarly, 
a scale is provided through fixing the value of uoij. But in order to assign an 
origin f o r w h e n k + 0, both the intercept term r,； and the full row of loadings 
(a;,;i,... ,uJiK) corresponding to the reference variable are required to be fixed in 
the meantime. Therefore, K rows hi the loading matrix and the intercept vector 
are required to be fixed for a K factors model. Failure to assign a metric for any 
one of them will lead to a model which is not identified and cannot he estimated. 
4.3 Applying the SEM Approach to the APT 
With the availability of mean stnictiire analysis in.oWded in the SEA I frame-
work, estimation for the combined factor model and the pricing equation in (4.4) 
can be accomplished within one step. Treating the mean of the unobserved fac-
tors as the risk premium, h 二 A. and tlie iiiteicept vector as the constant risk-free 
rate, r,； = vj for all i; then (he combined model in (4.4) can he written in a SEM 
framework like (4.5) as follow: 
/ \ / \ / ； 7 、 \ / \ 
ri Vf bu bi2 . . . W ,/i + A, 
r-'j I'f hi "22 . . • 1)21< f‘2 + Ao C2 
二 + 十 
• • • • . • . • 
• • • • • » . * 
. . • • • • . ； 
V I'n / V "/ / \ …丨hih. / \ fh- -f A/, y 乂 e„ 乂 
or '/• = rjl + B(f + A) ^ c 
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or r = 77 I + Bf* + e. (4 .7 ) 
To further simplif}' the notation, f* = / + A is considered, where f* has a mean 
vector A and the same covariaiice matrix as f = ( / i , . . . , //、-)『. 
As mentioned previously, the intercept terms coirespoiiding to the reference 
variables are required to be fixed in order to assign an origin for the unobser\-ed 
factors. Hopefully, the return rate of a riskless security is often available. There-
fore, the whole intercept column vectoi. could be fixed for analysis. 
Similar to the Classical approach, ML optimization algorithm would be adopted 
that enables the use of likelihood ratio test in determining the number of factors, 
K. An EFA would be performed first to provide insights for a plausible model. 
By combining expertise and the insights obtained fioin the EFA, the model can 
be refined by using Coiifirmatoiy Factor Analysis (CFA). While working on a 
CFA, it is the researcher's discretion to determine which parameters are to be 
estimated and which are to be const rained at some specified value. 
A model can be further revised with referoiicc to the Modification Index (M.I.) 
that is available in the LISREL. This index is a value of the estimated iiiiprove-
rnent for the present model if a constrained parameter is released. A large value of 
M.I. indicates that the model can have a better fit if the correspoiidiiig parameter 
is liberated. 
4.4 Merit of the SEM Approach 
As the SEM approach merges a two-stage estimation process into one. it 
not only makes the estimation proceduix、becoinc more efficient but also solves 
many i)robleiiis tliat are concealing in tho Classical iiiethocl. The most critical 
problem that has l)een s()lv(、d is (lie EI\' pi.ol)l(、iii. The factor loadings /�、. 
are 110 loiigei. treated as explanatory varial)les in tho SEM approach: instead they 
are estimated simultaneously with the risk picinimn A] A,、. As a result. 
path coefficients modeled in the SEM are iiiilnased hy error terms, whereas the 
regression coefficients are not. 
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Besides, it enables the validity test for the overall model but not only the CSR 
model. There are certain indices concerning the validity of a LISREL model. In 
accordance with the goodiiess-of-fit indices provided for tlie comhhied model, 
both the factor model and the pricing equation can be assessed simultaneously. 
Thereby, the whole estimated model can be further modified. Amongst all indices 
for refining a LISREL model, M.I. is the most popular one. It is a measure 
of predicted decrease in ^ if one of the constrained parameters is relaxed and 
the whole model is re-estimated. Yet, a drop in y^ signifies an improvement 
in the goodriess-of-fit. Hence, the overall model can be modified accordingly 
by relaxing the constrained parameter that possesses a large M.I.. But it is 
recommended to relax one constrained parameter at one rime so as to realize the 
induced improvement of the fit. 
Last but not the least, since CFA is employed in the SEM, expertise and 
information available in the capital market can l)e incorporated in the LISREL 
model. Resultant estimates would be much reliable and the whole model can 
better describe the reality, therefore the estimated model would possess much 
interpretative value. One of the most popular information that would aid in 
modeling is the relaxation of error covariances among several securities. For 
instance, a specific-industry factor would exist for certain securities that belong 
to the same industry: liowever this kind of influence cannot h(、counted as a global 
impact. In that case, ir is logical to set tlie corresponding error covariances free 
for estimation. 
Learning t he apparent and vital merits of the SEM approach over the Classical 
one, differences between these two methodologies would 1)(、fiirtlion- examined in 




Intuitive excellence of the SEM approach over the Classical one has been 
revealed in the previous chapter. An in-depth exploration for the difference be-
tween the two methodologies would be coiidiicted based on a simulation study. 
Comparison for paiaiiieter estimates under tlie two approaches can be made wlien 
each of the parameters alters in different designs. 
5.1 Simulation Design 
Eight variables and three factors are proposed in our siiiiulation study. For the 
sake of generalization, the first factor f] is c:()nsiclered to be a general factor for 
the imdeiiyiiig variables, possessing 0.5 (xwariaiice with each of the otluu. factors. 
On the contrary, the other two factors f] and /:、have influence only to the first 
four and last four variables respective!}'. 
With the aid of IMSL Fortran subroutine, multivariate normally (listiil)utefl 
eiiois and factors arc generated according to (he following ('quation： 
r,: = Vf + b.n ifi +A|) + Ih 认 h + A.) + + A.O + £丨 for Z = 1 . . . . .8 . (5.1) 
For simplicity, a fixed diagonal error covariaiice matrix B^ diag((〕.5)8x(s is con-
sidered. 
Originally, 100 implications were generated for each design. But in view of the 
existence of a few noii-coiivergenr solutions occuned under tlu、SEM approach. 
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10 additional replications are generated. Thus, 110 replications are simulated for 
each design ultimately. For the SEM method, the number of converged solutions 
is close to 100 after eliminating those being non-converged; however, it is not the 
case under the Classical approach. Therefore, the number of converged cases in 
each circumstances will be reported as well. 
Designs are then constructed accordingly through varying the risk premium 
vector A, the risk-free rate 77, the factor loading matrix B, the factor covariance 
matrix <I) and the sample size T. 
For analogy to the reality, the risk-free rate is generated to have a small value 
while all risk premium are considered to be positive. In general, two sets of factor 
risk premium and risk-free rate are studied, they are 
A⑴二（L3，5)7 and A⑵=(1.. 3,0广 
7-/” 二 0.05 and 7’/⑵=0.1 
where the superscript is the label for each setting. 
As mentioned in the previous chapter, the risk-free rate is recjuired to be 
fixed in order to set up a concrete metric: whereas the risk premium is free for 
estimation. 
On the other hand, three specific factor covariaiicc matrices are constructed. 
Covariances between the general factor and the other two factors would l)e fixed 
to be 0.5 ill all designs. By comparing the three settings, they difier in the factor 
variances (i.e. 0”. 622 ami ():口) and the ccnariance between the two specific, 
factors (i.e. (1632 and (^ 23)• The ultimate set up is as follow： 
(�(Jh:e(l�(1)^2 ^ ( 1.0 0.5 0 .5、 
(I)⑴=(>2、(fi.re(l) (?.n O-IA = 3.0 0.5 , 
^ O3, 0；,；^  y 0.5 5.0 ^ 
/ \ / \ 
df, {fixed) 0,2 0]：] 1.0 0.5 0.5 
= d,, ijixccl) O,, 023 = 0.5 1.0 0.5 
^ d ) : 。 \ 0.5 0.5 1.0 乂 
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and 
(l)^^(fixed) �13 1.0 0.5 0.5 
《)⑶=(l).2八fixed) (^ 22 <^23 二 0.5 1.0 0.0 • 
、(fixed) (^ 32 J \ 0.5 0.0 1.0〉 
Particularly, the design <I)⑴ is the most general case. It corresponds to a 
situation where the variance for each of the factors differs substantially and all 
factors are correlated in some way. The second design 少⑵ is the case where 
all factors possess similar variation, with all factors being correlated. While the 
last one is the simplest case, in which the two specific factors f、and f) are 
imcorrelated and the variation for all factors are equivalent. 
However, factors may not be identified when any general factor exists. In 
order to solve this problem, variance of the general factor (1)^  and its covariance 
with the other two factors, <1)2^  and , would be fixed. 
While the impact on the estimation caused hy the change in factor loading 
is an unknown. Thereby, two setting B⑴ and ⑵ are constructcKl. They are 
constructed by varying the elements corresponding to the general factor as follow: 
( 6 , 1 h\2{yei) 、 ( 0.65 1.00 ().()•、 
1)2、 1)22 ！)2:、 0.70 O.GO 0.00 
b'M 0.75 0.70 0.00 
, 、 641 0.80 0.80 0.00 
B � = = 
65, h2 0.85 ().()() 1.0(1 
6(ji 6fi‘2 0.90 0.00 0.20 
671 bj2 673 0.95 0.00 0.30 
^ 681 (ref) h,.2 / 始 ) ^ 1.00 0.00 0.40 ^ 
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and 
广 bu 6,2(ref) 6,3 ] [ 0.30 1.00 0.00 
1)2、 622 "23 0.35 0.60 0.00 
63, 632 0.40 0.70 0.00 
,。、 641 642 643 0.45 0.80 0.00 
B � = = . 
5^1 652 653(ref) 0.50 0.00 1.00 
661 h2 6^3 0.55 0.00 0.20 
671 672 673 0.60 0.00 0.30 
^ hiirei) bs2 8^3 j \ 0.65 0.00 0.40 ^ 
The first, fifth and the eighth variable are selected to be the reference variables 
for factors /之，f:、and f] respectively, as they possess the maximal value of loading 
for the concerned factors. Thereby, metric for every factor can be created in both 
estimation methods. Specifically, it is accomplished hy fixing the rows of loading 
matrix that conespoiul to the selected reference variables. While CFA is (Employed 
under the SEM framework, therefore the zero entries in the factor loading matrix 
(i.e. 623, 643, , 672 and 6^ 2) would be fixed to their true values in the mean 
time. 
Different combinations corresponding to the above-cited settings would Ix、 
studied. The degree of accuracy would he compared between clifFereiit estimation 
methods and different designs according to (he following three diftVneiit sample 
sizes. 
:r⑴ 二 2000. r ⑵ = 5 0 0 and 丁 ⑶ = 2 0 0 
Basically, 72 designs are generated. Then the following statistics for each 
parameter estimates would be computed to study their precision in a statistical 
point of view. They are: 
• Sample mean of the 110 estimates = yj^  I]).二 (estimated value) 
• Bias of the sample estimates = Sample mean - True value 
~ — Standard deviation of the HQ estimates 
• “山 (）— A v e r a g e of the 110 produced sraiidaid deviation 
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• Root Mean Square Error ( R M S E ) 
j ‘ <2 
=\/y]o^r=i (estimated value — true value) 
The detailed configuration of the simulation and the computed statistics are tab-
ulated in Appendix A. 
Then, LISREL is employed to perform analysis. Though starting values can be 
generated in LISREL, they are provided in the present study to save computation 
time. 
5.2 Insight from the Simulation Study 
From the calculated statistics in the simulation study, findings are yielded when 
each of the following parameters varies, with other things remain unchanged. 
5.2.1 Factor loading, B 
For the two designs of factor loading matrix, they make no diffeience for the 
perfomiaiice of estimates. As expected, the SEM approach would produce factor 
loadings with higher accuracy as less parameters are involved. It means that 
the magnitude of loadings does not have substantial influence in the estimation 
process. 
5.2.2 Factor covariance matrix, ^ 
•11 the other hand, peculiar findings are observ(、d when the factor covaii-
aiK-e matrix varies. By ol)seivation, the most general design《)⑴ results in less 
iioii-coiiveigent solutions under hotli m(、tli()(lol()gie:s. This circuinsrance is nmcli 
pioiiouiicod ill the Classical approach and in c-asos wIkmi saiiii)l(、size is small. 
Xhe formation of this unexpected finding iiiayhc caused l)y the way in identifying 
foctors. 
Meanwhile, estimates api)(、ar far inuch accniate UIKU-T the design of (1)(丨：coni-
paiati\-ely. While the fall of precision appears considerably obvious for the pa-
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rameter A, when RMSE is compared. Among A,, A2 and A；,, this impact is much 
acute for the risk premia corresponding to the general factor A,, especially when 
the Classical approach is adopted. On the other hand, RMSE of d^j slightly 
increases when its value increases. Yet, it is an expected event. 
5.2.3 Risk-free rate, r； 
As stated before, the risk-free rate r； will be fixed to its true value in both 
estimation methods. For the Classical approach, it is particularly accomplished 
by subtracting r； from the sample mean of return before performing the CSR. 
Yet, no discrepancy in precision is found when its value changes from 0.05 to 0.10 
for both methodologies. For instance, designs A1 and A3 possess same parameter 
setting, except 77. Though r； has changed from 0.05 to 0.1. it does not alter the 
performance of the parameter estimates. 
While it is assumed that the risk-free rate can IK-、conectly specified, this 
is not always the case. Based 011 the setting ( I ) ⑴ . ⑵ . 1 2 additional designs 
are constructed to examine the resulting estimates when /./ is misspecified. To 
conform with the reality, the misspecified value of rj is considered to be a small 
one as well. Performance of estimates for each of the following scenarios would 
be reviewed: 
• when the true /•/ is 0.05 hut we fix it at 0.1. 
• when the true vj is 0.1 but we fix it at 0.05. 
Designs A25 to A28, B25 to B28 and C25 to C28 in Appoiidix A (.onxwpoml 
to the situation when 77 is misspecified for different sample sizes. Parallel to the 
above cases, A13 to A16. B13 to B16 and C13 to C16 aie tho designs when i f is 
correct!}• spf^cified with otlier things reiiiaiii iiiicliaiiged. Therefore. (.()mi)ai.is(ms 
can be made accordingly. 
Theoretically. th(、change of vj would affect fach of the estimates since it 
plays a role in the optiiiiizatioii algorithm. Irs role in the SEM approach has 
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been shown by r in (4.6), whereas its role under the Classical approach is 
八 f-r> 八、—1 八 rr< 、 
A = {B^B) B^{f-rjl). 
However, the change in r； is so small that it causes no obvious difference in 
parameter estimates under both estimation methods, even though it has been 
misspecified. 
5.2.4 Risk premium, A 
Another erratic finding is the drop of precision for A when the setting of 
risk premium changes from 入⑵=(1,3,0广 to A⑴=(1 ,3 . 5)^. It is revealed in 
the RMSE for the corresponding risk premium in designs Al to A24. B1 to B24 
and CI to C24. This increasing trend in RMSE is much evident for the factor 
covariaiice design <I>(2) and (I>(3). Therefore, further study is set up based on the 
design of B ⑵ , r / ” and T⑴ by vaiyiiig the value of A3 gradually for different 
design of (I). Results for these designs are tabulated in A29 to A43. 
It is also found that the RMSE of A increases with the value of A3 in both 
estimation methodologies. But under the Classical approach, the increase of 
RMSE is comparatively large to the increase of A3. In contrast, this increase 
is not obvious when the SEM approach is employed. Result con-espondiiio to 
the design A39-A43 gives one illustration. With the application of the Classical 
approach, the RMSE of Ai increases from 1.3636 to 4.3969 when A.-^j increases 
from 0.5 to 4.5. On the contrary’ the RMSE of 乂丨 only increases from 0.0341 to 
0.1293 under the SEM approach. Among the three risk premium derived from 
the Classical method. Ai is comparatively poor estimated. It is rexealed in its 
associated large bias and RMSE. TIK-' above problem is imuh obvious for the 
settings <1•⑵ and 巾⑶. 
Besides, the S.D. ratio coirespoiiding to each parameter are compared between 
the two estimation mot hods. Standard (kniatiori of A is found to he scnioiisly uii-
derestiinated in the Classical appixmdi. Specifically, an uiKleiestiinated standard 
deviation would be revealed in a large S.D. ratio that is deviating from one. 
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Hypothesis testing becomes considerably unreliable, since it tends to justify the 
significance of factors but in fact they may not be so. 
In general, the S.D. ratios deriving from the SEM approach are close to one 
in comparison to those obtained from the Classical method. This nice property 
preserves even when the sample size drops from 2000 to 200. Therefore, tests 
regarding a presumed pricing factor becomes trustworthy if SEM approach is 
employed. 
5.2.5 Sample size, T 
When sample size decreases, it is undoubtedly that accuracy of estimates 
would drop, and hence a rise in RMSE. Besides, a drop in sample size results 
ill more non-convergent solution. These degerieiative phenomena appear much 
evident when the Classical method is employed. 
5.2.6 Other findings 
While constmiiits for a positive error covariaiice is not provided in LISREL, 
heywood case may result in which negative error variance occurs. In the present 
study, negative values of 0£： are found in designs C2, C12, Cl4. CIS, C22, C24 
and C26. 
Yet. it is a limitation of the software but not the theory itself. Other software 
niav he able to tackle this problem by iiiipleineiitiiig constraints in fonniiig a 
positive definite matrix. Indeed, softwares apart from LISREL such as EQS can 




An empirical study is carried out so as to illustrate the application of the 
methods in practice. Meanwhile, the mechanism and the resultant model between 
the two approaches can be acquainted too. 
6.1 Specification of the Data 
Taking the duration of the available series and pertinence into considera-
tion, 25 out of 33 Hang Seng Index constituents are selected. Their [)rices are 
obtained from the Datastream that is owned by Thomson Financial Limited 
{http://wum}.thom.sonfi.nmicial.com). The selected stocks and the sectors that 
they belong are talnilated in Table 6.1. 
Table 6.1: Stocks for analysis 
Sector Storks 
H S N F HSBC (.Ti) Hang Seng Bank (.7:2) BE A (.r3) 
H S N U CLP Holdings (.t^) IIK^-Cliitia Gas (.X5) HK Elc^cUic. {.re,) 
HSNP Cheung Kong (.tt) Henderson Land (xs) SHK PPT (.rci) 
W'lieelock (.no) Henderson Inv. ( .m ) Limg PPT (ti-j) 
Wharf Holdings (.1:13) Hutdiisoii ( . th) Swire Pacific A (3:15) 
.lohiison Elec. H. (.ne) Citir Far. (./'it) China ResomroK (.) if；) 
H S N C (.'ailiay Par. Air (.T19) Esprii Iloldiiiss ( r-io) I..i^ v:Fung (.( 21) 
TVB (too) … " ( . 1 : 2 : 5 ) l'<'R<'ti(l Group (.ro^) C'osco Pacific (：广么^) 
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Weekly data from 30 December 1994 to 27 December 2002 is utilized, not just 
because of its less fluctuation in comparison to daily data but also the availability 
of sufficient data points for analysis in contrast to the use of monthly data. 
Percentage of return (ru x 100%) would be analyzed, in which return for each 
of the stocks is computed b\' 
Pi,t —  Pi,t--[ + D�f = p 
where Pj^ t stands for the stock price of security-/ at time t and D, / is the dividend 
payment per share at the period ended at time t. Finally, 418 data points are 
computed and input for analysis. 
6.2 Procedures for the SEM Approach 
The SEM approach starts with an EFA that aids to deteniiiiie the number of 
factors as well as the setup of a metric. A CFA would be carried out thereafter 
and the model would be fmther amended if necessary. 
EFA of the SEM Approach 
With the aid of PRELIS affiliated to LISREL, a AIL factor analysis is per-
formed at first. The accompanying LR test suggests that five factors being 
substantial for the stocks under study. Particularly, a Two-stage Least-squares 
(TS-LS) is coiKlucted. It i)iovicles some initial estimates that facilitate factors 
identification and screening of lefeieiice variables for the underlying factors. 
Through inspecting the patteiii of the factor loading matrix, the five、factors 
are identified as the sectional factors. They are the Finance (HSNF) , Utili-
ties (HSNU) . Piopeiry (HSNP). Coiimieix ial and iiidiistnal (HSNC) sectional 
factors and the Hang Seng Iiid(、x (HSI). But notice that HSI is a general factor 
which would correlate with other factors (.oncq)tuallv. 
On the other hand, the stock that loads most heavily on an uiioljservecl factor 
will be selected as its reference variable. Thereby it allows the stock to anchor the 
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meaning of that unobserved factor. Selected reference variables and their values 
are tabulated in Table 6.2. 
Table 6.2: Selected reference variables 
Factor Reference variable Reference value 
HSNF Hang Seng Bank (.7:2) 1.812 
HSNU HK E l e c t r i c . ⑷ 2.516 
HSNP SHK PPT (xg) 5.741 
HSNC Cosco Pacific (.T25) 5.706 
HSI Cheung Kong (0:7) 5.065 
Since each of the stocks are supposed to load on its own sectional factor and 
the general factor, HSI. A secondary EFA is performed to seize the necessity to 
free extra entries in the factor loading matrix, apart fro 111 their own sectional fac-
tor and the HSI. Value of the reference variables is fixed to that value obtained 
from TS-LS, while all other paraiiieters are free for estimation. But an prerequi-
site interpretative sense should be justified for every looseness. 
CFA of the SEM Approach 
Consolidating the above i)reliiniiiary result, then availal)le information is sought 
to implement a CFA. 
Since factors have been projected onto some econoiiiic fuiidaiiienrals, coire-
sponding information can he imported. Values of the factor indices are obtained 
from Datastreaiii in (•ompliam.c with the time period iiiidei st udy. Therefore, le-
turiis of the factors in perc-eiit age can be computed and the (•oiiesi)oiKliiig factor 
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covariance matrix can be obtained. The result is 
HSNF f 15.4197 、 
HSNU 6.2674 9.8654 
尘二 HSNP 15.6938 7.8459 27.1080 • (6.1) 
HSNC 13.1941 6.9666 20.5226 22.5693 
HSI y 13.3915 7.0666 18.5970 17.6632 15.4880 ^ 
Making use of this factor covariance matrix, then factors can be identified through 
fixing the variance of HSI and its covariance with other factors. These variance 
and covariances estimates based on historical data are readily computed from 
(6.1). 
Generally speaking, a weekly deposit rate can be regarded as a riskless rate 
of return. Percentage of weekly deposit rate in Hong Kong is acquired from the 
Datastream, in accordance to the time period under study. Then the average of 
this series of data, which equals to 0.0495, would be fixed as the risk-free rate of 
return. 
Yet, certain stocks are known to be corielatecl among themselves. Their effect 
is believed to be vital in explaining the co-inoveiiieiit of stock prices, although 
they are not pervasive. Therefore, error covariances tabulated in Table 6.3 would 
be free for estimation to captuie this kind of specific effect. 
Table 6.3: Firm-specific error covariances 
Stocks Notation 
HSBC, Hang Seng Bank 
HK&Cliiiia Gas, Henderson Land, Henderson Iiiv. 6e(5. 8). 6,-(5.11). 11) 
Cheung Kong, Hutchison, HK Electric . 6,(6. 7). (-\-{(i. 14). (-h(8,14) 
Wharf Holclirigs. Wlieelock ^^( la , 10) 
Cathay Pac. Air, Swire Pacific. A. Citic Par. 0,(15,17). 0^(15.19), (-),(17.19) 
Afterall, CFA is performed with all the above available infonnatioii being 
incorporated in accordance with equation(4.7). However, the resultaiit model is 
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still subject to further revision. Constrained parameter with large M.I. would be 
released one at a time, provided that it is reasonable to do so. Certain goodiiess-
of-fit indices would be considered as indicators to cease further adjustment since 
perfect-fit is not the aim in constructing a model. 
The Goodness-of-fit index (GFI) is a popular index. It represents the per-
centage of observed covariances explained by the covariance implied by the model. 
Hence a large GFI indicates a good fit. Under the ML algorithm, GFI can be 
expressed as 
GFI = 1 — 球 
rr[(£_ 5 ) ] 
where S and S are the fitted covaiiaiico matrix and sample covariance matrix 
respectively. . 
Another index is the Adjusted GFI (AGFI) . Actually, it equals to the GFI 
but adjusted for the degrees of freedom. It is given by 
where n and df denote the mimber of variables and the degrees of freedom re-
spectively. As a rule of tliuinb in usual practice, both GFI and AGFI should be 
greater than 0.9 for a acceptable fit. 
T入vo more indices that are less affected by sample size would he considered. 
The first one is the Noii-noriiied Fit Index (NNFI) . It reflects the proportion by 
which the researcher's model improves the goodness-of-fit in comparison to the 
null model. Its formula is 
N、下I — \ ^  Niill/df.\vll 一 V Model hlf Model 
‘ ‘ X^Kvuhifh-vU - 1 
where f^ uU and \\iodd (l(Juot>、the statistic for a imcoustrained model and 
the specified model respectively. Another one is the Root Mean Sciiiare Error 
of Approximation (RMSEA) . Instead of making comparison with a null model. 
RMSEA coiiiputes tlic av(、i.ag(> lack of fit per degree of freecloiii hy 
V djMade.l “ - 1 
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Hu and Bender (1999) suggested that a good-fit model should have a NNFI > 
0.95 and a RMSEA < 0.06. 
A model can be claimed to have a good fit if all kind of goodness-of-fit in-
dices give a consistent justification for the model. If contradicting conclusions 
are implied from different indices, the sufficiency of the fit would be suspected. 
Therefore, the basic model would be refined until all of the above indices have 
attained their cutoff values. In the present study, it is achieved after setting the 
error covariance between Johnson Electric and Li&Fung 0“1(3,21), and the error 
covariance between the Hang Seng Bank and BE A 0“2 ,3) free for estimation. 
Value of the resultant model and the goodness-of-fit indices are provided in Ap-
pendix B, while the LISREL input codes for the analysis is given in Appendix C. 
As the percentages of stock returns are provided as raw data for LISREL analy-
sis, both the sample mean and sample covariance can be computed accordingl}'. 
Moreover, method of covariance analysis is specified for the estimation process. 
6.3 Procedures for the Classical Approach 
Based on the same dataset, the Classical approach would be demonstrated 
likewise. The preliminary result obtained from the SEM approach would be uti-
lized instead. Hence five factors are specified in the factor model below. 
EFA of the Classical Approach 
Factors are identified through fixing the \-aiiaiico of HSI and its covariances 
with other factors to their estimates obtained from historical values. Value of tho 
reference variables would he fixed as those stated in Table G.2: Init its loading 
c o i r e s p o i K l i n g t o t h e H S I a n d t h e l o a d i n g for t l i r l e i i i a i i i i i i g va r i a l j l o s w o u l d b e 
free for estimation. 
C S R of the Classical Approach 
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Presuming the correct specification of the factor model, CSR is carried out 
afterwards. Again, average of the weekly deposit rates would be treated as the 
risk-free rate. Then sample mean of the stock return with the risk-free rate 
subtracted, is regressed on the estimated factor loadings that are obtained from 
the previous stage. 
6.4 Model Interpretation 
The estimated factor loading, factor covariance matrix and risk premium from 
the two methods are tabulated in Appendix B. 
Estimate that of great concerned is the risk premium A. It is observed that 
A-. f 二 1,..., 5 and their significance are considerably dissiinilar.between the two 
approaches. The estimated risk piemium corresponding to HSNU and HSNC 
obtained from the SEM approach are found to he significant at a 95% confidence 
level. On top of it, all of the risk preniiuni are found to be positive in the 
SEM approach. However A looks unreasonable in the Classical approach, in 
which most of them are negative in value. As mentioned before, the existence 
of the EIV problem and the under-estimated standard deviation of risk premium 
are concealing in the Classical method, therefore the resulting estimates are not 
reliable. Hence, model interpretation is only provided for the solution obtained 
from the SEM approach. 
For stocks belonging to the property sector, most of them load heavily on tho 
finance factor as well. This result is logical, since the finance and the property 
industries in Hong Kong are highly coirelatecl indeed. 
Oil the otlier haiicL many (4emeiits in the m m co\-aiiaiice matrix in Ap-
pendix B.4 are significant . Though sonic covariance reriiis are not significant in 
a statistical sense, they should be free for estimation so as to reflect (he realistic 
situation. 
Apart from the aforementioned model indices, the square multiple corielation 
(SMC) can be examined as well. It reflects thf、adequateiiess of tho i)r(、sum(xl 
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relationship between each indicator and unobserved factors. The SMC for the 
observed variable is _ 
SMC, = 1 - • 
where On and da are the estimated error variance and the observed variance for 
the 产 variable respectively. 
SMC gives the percentage of the variance in the independent indicators that 
can be attributed to the unobserved factors rather than to the measurement error. 
Hence the reliability for each observed indicator can be assessed. The value of 
SMC is between 0 and 1. Therefore, for a well-specified model, each indicator 
should associate with a large SMC. 
In the present empirical study under the SEM approach, values of the SMC 
are over 0.5 on average except for stocks belonging to the commercial sector. It 
indicates that the stocks under stiidy serve fairly well as ineasiirement instruments 
for the unobserved factors. 
6.5 Difficulties Encountered 
Nevertheless, certain difficulties have come across in model construction. 
Actually, there are other ways to identify the model and the underlying factors. 
But the variation of the stock data is so large that convergent solution is not easy 
to obtain. The diagonal of the factor covaiiance matrix has once been fixed as one 
as a trial. However, this method does not work for the stock data under study. It 
can be mainly ascribed to the inconsistent variation across the factors. Moreover, 
factors must be identified in order to get an identified model. Howexxu'. the 
presence of the general factor causes the factor identification process complicatcvl. 
There!)}', the coriespoiidiiig model b(、c(mi(-、s difficult to 1)(、ideiitifird. Actually, 
the difficulty in model identification not just occurs in the SEM appioacli： same 
problem is also encountered in the Classical method. 
Model refining is another complicated procedure. It is not always appropdatp 
to release a parameter which possesses tho greatest M.I.. Instead, interpretative 
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sense should be considered at the same time. In some cases, relaxing one param-
eter with large M.I. and root to the reality sense may result in non-converging 
estimates at last. Different trials are needed in every revising step in order to get 
a reasonable model with convergent solution. 
Nevertheless, every model building technique would face similar difficulties. 
The}' are not unique to the SEM method. But the most formidable problem, 
factor identification, has been fixed under the application of SEM approach. 
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Chapter 7 
Conclusion and Discussion 
In this thesis, the SEM approach has shown to be superior than the Classical 
method. The critical problems, such as the EIV problem and the testability have 
been settled under the SEM methodology. 
From the results of the simulation study, it is found that estimates uncler the 
Classical method are less precise than those under the SEM approach. This cii-
cumstaiice is extraordinary pioiiomiced for the estimate of risk premium. More-
over, standard deviation of the risk piemiuni are found to be enormously uiicler-
estimatecl, which coiifornis the severit}- of tli(、EIV problem being suspected l),v 
iiiaiiv researchers. More surprisingly, there is a leinaikable increase in RMSE of 
risk premium when the deviation of 入3 from zero is increased slightly. Though 
the RMSE of the risk premium estimates derived from the SEM approach seems 
to have this increasing trend also, they are not obvious in general. 
While to the stance of economists, model estimated by the SEM approach 
is worthy in the sense that it possesses an interpretative \aliie giouncled on the 
reality. 
In c-onsideration of the i)r(、mise;s. the SEM methodology enable' furrher (1(、y(、1-
opuieiit of tlie APT theory in many aspects. Tho non-linearity factor model is 
one possible direction. Yet, the area for fvirtlier lesearcli is iniicli broader than 
generalizing the factor model solely. With the use of the SEM approach, the 
evolution of the theory can be accelerated. 
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Appendix A 
Result of the Simulation Study 
Table A.l: Configuration of the Simulation Study 
； Samp le fac tor load- Factor covm'i- T r u e r i s k - Specified 出sk 
Design g i ^ ^ inp； matr ix ；mrp m^rn-iv ftpp la te risk-free r a t e _ _ p r e m i u m _ 
0.05 0.05 A ^ ' 
A2 2000 B ⑴ ⑴ 0.05 0.05 A ⑵ 
A3 2000 B ⑴ <I>(i) 0.10 0.10 A ⑴ 
M 2000 B ⑴ 4>(i) 0.10 0.10 A ⑵ 
A5 2000 B ⑴ 小⑵ 0.03 0.05 入⑴ 
2 0 0 0 B ⑴ <I»(_2) 0.05 0.05 入⑵ 
2000 B ⑴ 0.10 0.10 入⑴ 
A8 2000 B ⑴ <I>(2) 0.10 0.10 A ⑵ 
A9 2 0 0 0 B ⑴ <I»(3) 0.05 0.05 入⑴ 
AlO 2000 B ⑴ <I>(3) 0.05 0.05 A ⑵ 
A l l 2 0 0 0 13 ⑴ <1>(3) 0.10 0.10 入⑴ 
412 2000 B ⑴ <I»(3) 0.10 0.10 入⑵ 
A 1 3 2 0 0 0 B ⑵ ⑴ 0 . 0 5 0 . 0 5 入 ⑴ 
A14 2000 <I>(i) 0.05 0.05 A ⑵ 
415 2000 5 ⑵ <I'(" 0.10 0.10 A ⑴ 
2000 B ⑵ <I>(i) 0.10 0.10 A ⑵ 
A17 2000 ⑵ 0.05 0.05 A ⑴ 
A18 2000 5(2) 0.05 0.05 A ⑵ 
4 1 9 2 0 0 0 ⑵ ⑵ 0 . 1 0 0 . 1 0 入 ⑴ 
^ 2 0 2 0 0 0 J3 ⑵ 0 . 1 0 0 . 1 0 | 入 ⑵ 
‘\21 2000 B ⑵ <1>(3) 0.05 0.05 A ⑴ 
\22 2000 B ⑵ 0.05 0.05 入⑵ 
A L 2000 B ⑵ <1>(3) 0.10 0.10 入⑴ 
A 2 4 2 0 0 0 B ⑵ ⑶ 0 . 1 0 0 . 1 0 入(•_)) 
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~ ~ ： Sample t,actor load- Factor covari- T r u e r i s k - Specified Hisk 
Design ing matrix ance matrix free rate risk-free rate premium 
(I>(i) 0.05 0.10 A(i) 
A26 2000 B ⑵ ⑴ 0.05 0.10 A ⑵ 
A27 2000 B ⑵ <1’⑴ 0.10 0.05 A ⑴ 
A28 2000 B ⑶ <1>(1) 0.10 0.05 A ⑵ 
A29 2000 B ⑴ 4“i) 0.05 0.05 ( l , 3 , 0 . o f 
A30 2000 B ⑴ ⑴ 0.05 0.05 (1:3，1.5)了 
A31 2000 5 ⑴ <I“i) 0.05 0.05 (1,3:2.5) 了 
A32 2000 B ⑴ (I“i) 0.05 0.05 ( l , 3 , 3 . 5 f 
A33 2000 B ⑴ ⑴ 0.05 0.05 (1,3,4.5)^ 
A34 2000 B ⑴ 0.05 0.05 (1:3,0.5) 了 
A35 2000 Z?⑴ ⑵ 0.05 0.05 (1,3:1.5广 
A36 2000 ⑴ ⑵ 0.05 0.05 (1，3,2.5) 丁 
A37 2000 B ⑴ ⑵ 0.05 0.05 (1,3,3.5 广 
A38 2000 B ⑴ <[»(‘-)) 0.05 0.05 (1:3,4.5)"^ 
A39 2000 13⑴ 0.05 0.05 (1,3,0.5) 丁 
A40 2000 B ⑴ <1>(3) 0.05 0.05 (1:3，1.5 广 
A41 2000 5 ⑴ <1>(3) 0.05 0.05 (1,3,2.5)^ 
A42 2000 B ⑴ 0.05 0.05 (1.3,3.5)了 
A43 2000 B ⑴ <1>(3) 0.05 0.05 ( l , 3 , 4 . 5 f 
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； Sample h actor load- Factor covari- T r u e r i s k - Specified 出sk 
Design size ing matrix ance matrix free rate risk-free rate p r e m i u m _ 
B l m ~ B ⑴ (I»(i) 0.05 0.05 A(i) 
B2 500 B ⑴ <I»(i) 0.05 0.05 A ⑵ 
B3 500 B ⑴ <I»(i) 0.10 0.10 A ⑴ 
B4 500 B ⑴ 0.10 0.10 久 ⑵ 
Bo 500 13⑴ 0.05 0.05 A ⑴ 
B6 500 B ⑴ ⑵ 0.05 0.05 A ⑵ 
B7 500 B ⑴ <I> ⑵ 0.10 0.10 A ⑴ 
B8 500 B ⑴ ⑵ 0.10 0.10 A ⑵ 
B9 500 B ⑴ <I>(3) 0.05 0.05 A ⑴ 
BIO 500 B ⑴ 0.05 0.05 入⑵ 
B l l 500 Z?⑴ <I>(3) 0.10 0.10 
B12 500 B ⑴ <I»(3) 0.10 0.10 入⑵ 
B13 500 5 ⑵ ⑴ 0.05 0.05 A ⑴ 
B14 500 B ⑶ <1>(1) 0.05 0.05 A ⑵ 
B15 500 B ⑵ 0.10 0.10 A ⑴ 
B16 500 i ?⑵ （I'd) 0.10 0.10 入 ⑵ 
B17 500 B ⑶ <1、⑵ 0.05 0.05 A ⑴ 
B18 500 B ⑵ ⑵ 0.05 0.05 A ⑵ 
B19 500 B ⑶ 0.10 0.10 A ⑴ 
B20 500 B ⑵ <1> ⑵ 0.10 0.10 A ⑵ 
B21 500 ⑵ 0.05 0.05 A ⑴ 
B22 500 13⑵ <1>(3) 0.05 0.05 入⑵ 
B23 500 B ⑵ <1>(3) 0.10 0.10 A ⑴ 
B24 500 B ⑵ <1>(3) 0.10 0.10 A ⑵ 
B20 500 B ⑶ <!•<" 0.05 0.10 入 ⑴ 
B26 500 B ⑵ ⑴ 0.05 0.10 入 ⑵ 
B27 500 B ⑵ ⑴ 0.10 0.05 A ⑴ 
B28 500 B ⑶ 0.10 0.05 入 ⑵ 
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； Samp le f ac to r load- Factor covari- T r u e r i s k - Specified "TUil^ 
Design ing matrix .nnrP matriv free rate risk-free rate__premium 
~ a (I)⑴ 0.05 0.05 入⑴ 
C2 200 B ⑴ (I»(i) 0.05 O.Oo 入⑵ 
C3 200 办 1) ⑴ 0.10 0.10 A ⑴ 
C4 2 0 0 B ⑴ 0 . 1 0 0 . 1 0 入 ⑵ 
C5 200 B ⑴ <I>(2) 0.05 0.05 A ⑴ 
C6 200 B ⑴ ⑵ 0.05 0.05 A ⑵ 
C7 2 0 0 B ⑴ 0.10 0 . 1 0 入 ⑴ 
C8 200 B ⑴ ⑵ 0.10 0.10 A ⑵ 
C9 2 0 0 召⑴ <I)(3) 0.05 0.05 入⑴ 
CIO 2 0 0 B ⑴ <I>(3) 0.05 0.05 入⑵ 
Cii 200 B ⑴ <I)(3) 0.10 0.10 A(i) 
C12 200 B ⑴ <1>(3) 0.10 0.10 A ⑵ 
C13 200 B ⑵ <I»(i) 0.05 0.05 入⑴ 
C14 200 丑⑵ <I•⑴ 0.05 0.05 入⑵ 
C15 200 B ⑶ (I»(i) 0.10 0.10 入⑴ 
• C16 200 5 ⑵ ⑴ 0-10 0.10 I A ⑵ 
C17 200 B ⑵ 4)⑵ 0.05 0.05 I ：^⑴ 
CIS 200 ⑵ ⑵ 0.05 0.05 | A ⑵ 
C19 2 0 0 ⑵ 0 . 1 0 0 . 1 0 i 入 ⑴ 
C20 200 5 ⑵ <1»(-) 0.10 0.10 入⑵ 
C21 200 B ⑵ <1>(3) 0.05 0.05 A ⑴ 
C22 200 B ⑶ (1»(3) 0.05 0.05 A ⑵ 
C23 200 B ⑵ <1>(3) 0.10 0.10 A ⑴ 
C24 200 B ⑵ ⑶ 0.10 0.10 入⑵ 
C25 200 B ⑵ <1»(1) 0.05 0.10 入⑴ 
C26 200 召⑵ 0.05 0.10 入⑵ 
C27 200 B ⑵ 0.10 0.05 | A ⑴ 
C28 200 B ⑵ <1> ⑴ 0.10 Q-Oo | 乂 
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Table A.11: Simulation Result of the Classical approach (A5, B5, C5) 
” U e s i e n Parameters . , , , , — 
^ 57： 531 530 541 b42 051 £61 063 
true value U . h V ( 1 % — — o i l U^ nTWl (mi Od 
( A l ) SEM size:20fl0 H O cases converge 
^ E A I 0 . 6523 0 .7008 0.6011 0.7460 0 .7015 0.8011 0 .8003 0 .8590 0.9034 , 0 .2008 
^ i a s -0 0023 -0.0083 -0.0011 0.0039 -0.0015 -0.0011 -0.0003 -0.00_90 -0.0034 -0.0008 
R ^ 0.0500 0.0408 0.0117 0.0451 0.0103 0.0508 0.01 Ifi 0.06/1 0.02n7 0.0104 
SD ratio 0 9752 1.0482 1.1435 1.0485 fl.96fi2 1.0828 1.0506 1.0077 0.9960 0.9273 
m i ) SEm size:遍 110 cases converge 
二 O.fioOS 0.7033 0.5998 0.7534 0.7001 0.7949 0.8030 0.8538 0.8985 0.2021 
^Fas -0.0008 -0.0038 0.0002 -0.0034 -0.0001 0.0051 -0.0030 -0.0038 0.0015 -0.0021 
R MSE 0.1051 0.0636 0.0238 0.0803 0.0158 0.1004 0.0163 0.1132 0.0675 0.0333 
SD ratio 1.0803 1.0190 1.0743 1.0313 0.8843 0.9899 0.8950 0.9965 0.9934 1.09ol 
f c l l SEM si7.e:200 110 cases converge 
mean 0.6363 O.fiSM 0.6018 0.7479 0.6974 0.7871 0.7991 0.8426 0.8861 0.2009 
0 . 0 1 3 7 0 . 0 1 4 2 - 0 . 0 0 1 8 0.0021 0 . 0 0 2 6 0 . 0 1 2 9 0.0009 0 . 0 0 7 4 0 . 0 1 3 9 - 0 . 0 0 0 9 
RMSE 0.1849 0.1363 0.0355 0.1535 0.0340 0.1707 0.0393 0.2489 n.085|i 0.0401 
sSratio 1.1268 1.1121 1.1102 1.1357 1.0170 1.14% 1.1360 1.1157 1_071fi 1.1713 
Uesign t^arameters , 
b71 073 ft83 •22. 032 033 入」. ^ ^ _ 
true value (TUo O O (T^ [TUD O d ？TIRl TIKI XUH ？TUH 
f A l ) SEM si7.e:2000 110 cases converge 
mean 0.9507 0.3011 0.4017 3.0001 0.4999 4.9412 0.9948 3.0129 4.9958 
^ i a s -0.0007 -0.0011 -0.0017 -0.0001 0.0001 O.O088 0.0051 -0.0129 0.0042 
RMSE 0.0290 0.0116 0.0110 0.1270 0.1475 0.3891 0.0712 O.Q72n 0.1026 
SD ratio 1 1032 0.9980 1.0110 0.9934 0.9616 1.08o2 0.9752 0.9116 0.9o57 
( B l l SEM Ri7G:500 110 cases converge 
r^ nean 0.9492 0.3028 0.4019 2.9452 0.4428 4.9fi48 0.9858 3.0308 5.0365 
bias 0.0008 -0.0028 -0.0019 0.0548 0.0572 0.03o2 0.0142 -0.0308 -0.0365 
RMSE 0.0429 0.02n8 0.0273 0.2714 0.3487 0.7763 0.1676 0.182o 0.2466 
SD ratio 1.0380 1.1369 1.0915 1.0395 1.1.'^ 49 11467 1.1564 1.1395 
f C l l SEM si7P:2flO 110 cases converge 
Lean 0 9567 0.2962 0.4004 ；iOOOO 0.58-12 5.2035 0.9919 3.0270 4.9976 
bias -0.0067 0.0038 -0.0004 0.0000 -0.0842 -0.2035 0-0081 -0.0270 0.0025 
RMSE 0.0848 0.0448 0.0434 0.4644 0.5861 1 -oOon 0.2532 0.2296 0.3660 
SD ratio 1.0497 丨 ‘SSfil 1.2yJ5 1.1226 1.0fi41 1.2582 1-1117 0.9199 1-0019 
es'gn ee(4,4) (O.KMi) fc>,y」,）礼严 H) Jf — 
true value UH O (To UlT^ O O CTn ( H l T ^ 
( A l ) SEM si7P:2000 110 cases converge 
mean 0.5000 0.「10(12 0.4996 0.4992 fl.olln 0.4987 0.4991 O.o003 fixed 
bias O.flOflO -0.0002 0.000^1 0.0008 -0.0115 0.0013 0.0009 -0.0003 
RMSE 0 0297 0.0175 0.0207 0.0222 O.lfirw 0.0226 0.(1222 0.0212 
SD ratio 1.0518 0.9327 1.0388 1.0324 1.0101 1.0004 1.0191 0.92R1 
( B l l SEM si7e.:500 110 cases converge 
mean 0.5014 0.4944 0.4987 0.4922 0.4925 0.M49 0.4980 ().49f.3 fixeA 
bias -0.0014 0.0056 0.0013 0.0078 0.0075 -fl.OfloO 0.0021 0.0037 
RMSE 0 0588 0.0413 0.0399 0.0450 0.3666 0.0470 0.0491 0.04fi0 
SD ratio 1.0445 1.0961 1.0014 1.0861 1.1273 1-0364 1.1324 1 .OO08 
f C l ) SEM si7.e:200 110 cases converge 
^pan 0 4963 0.4874 0.4912 0.4974 0.3329 0.503n 0.4925 0.4989 fixed 
bias 0 0037 0.(1126 0.0088 0.0026 0.1671 -O.fl()3o 0.0075 0.0011 
RMSE 0.0942 0.0583 0.()rin9 0.0o97 1.059() 0.0708 0.0807 0.0fi37 
SD ratio l .nolo n.9752 1.0-178 0.87fi9 1.73% 1.0052 1.1578 (1.8743 
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Table A.11: Simulation Result of the Classical approach (A5, B5, C5) 
Design Parameters , ^ , - _ r 
571 5:7； WT) 531 oi^ 041 042 O51 063 
true v a l u e J J M CTTD U m (T.To ^ f ^ l (T^ ( m i O U " 
f A l l Classical si7e:2000 109 cases converge 
,\iean 0 6502 0.6994 0.5980 0.7421 0.7015 0.7977 0.7977 0.8063 0.9021 0.1905 
bias -0 0002 0.0006 0.0020 (1.0079 -0.0015 0.0023 0.0023 0.0437 -0.0021 0.0035 
RMSE 0 1135 0.1041 0.0280 0.1071 0.0256 0.1230 0.0290 0.2396 0.0469 0.0154 
SD ratio 0.9852 1.0370 1.1908 0.9851 1.0982 1.0283 1.1787 0.8944 0.9505 0.8005 
f B l ) Classical Ri7e:500 78 cases converge 
mean 0.7043 0.7658 0.5666 0.8222 0.6647 0.8678 0.7701 0.8478 0.9604 0.1605 
bias -0 0543 -0.0658 0.0334 -0.0722 0.0353 -0.0678 0.0299 0.0022 -0.0604 0.0395 
RMSE 0.2105 0.1860 0.0829 0.2277 0.1177 0.2122 0.0662 0.2895 0.3723 0.2702 
SD ratio 0 956fi 0.8926 1.0329 0.9555 1.2268 0.9069 0.9110 0.6967 1.6316 1.8894 
( C D Classical Ri7e:200 71 cases converge 
mean 0.7518 0.8161 0.5459 0.8577 0.6460 0.9163 0.74fi8 0.9442 0.9511 0.1748 
bias -0.1079 -0.1161 0.0541 -0.1077 0.0540 -0.1163 0.0532 -0.0942 -0.0511 0.0252 
RMSE 0.3007 0.2705 0.1327 0.2858 0.1602 0.3039 0.1486 0.3056 0.1455 0.07n7 
SD ratio 1.0814 1.9394 丨.4120 1.9806 1.6678 2.4(140 1.9033 1-7218 0-9044 0 4014 
~ D e s i g n “ Parameters . 
57T 573 583 ^Ti (p3-> (piZ M ^ 
true value 0：^ O i l WM SITO ( D ^ ^ TIKI FTUO 
( A l ) Classical size:20n0 109 cases converge 
mean 0.9506 0.2956 0.3966 2.9936 0.5428 5.2731 1.2273 3.0835 5.0999 
bias -0.0006 0.0044 0.0034 0.0064 -0.0429 -0.2731 -0.2273 -0.0835 -0.0999 
RMSE 0.0389 0.0262 0.0406 0.2488 0.39n3 1.41% 0.6073 0.3003 0.5280 
SD ratio 1.0838 0.9020 0.922(5 0.987(1 Q.9:m 0.99Hfi 24.788,=! 38.3155 77.78fil 
( B l ) Classical size:500 78 cases converge 
mean 0.9610 0.2971 0.4100 2.8 T20 0.3383 5.0.T26 2.0046 3.0481 4.92n0 
bias -0.0110 0.0029 -0.01(10 0.1880 0.1617 -fl.0:V2fi -1.0046 -0.0481 0.0750 
RMSE 0.0980 0.0612 0.0578 0.5653 0.6522 1.7311 1 -3099 0.5988 0.8417 
SD ratio 0.9984 0.8378 0.7946 1.0798 0.8681 0.7909 13.4190 24.2079 35.0323 
( C D Classical Ri7,e:2fl0 71 cases converge 
mean 0.9854 0.2881 0.4286 2.7400 0.3161 4.6840 1.9721 2.7119 4.54n0 
bias -0.0354 0.0119 -0.0286 0.2600 0.1839 0.3160 -0.9721 0.2881 0.4550 
RMSE 0.2206 0.2018 0.0790 0.7512 0.75:仍 1.8266 1.7559 0.7752 0.9636 
SD ratio 1.4326 2.2887 1.0279 0.9518 O.Rlfil 0.8857 13.654S 17.7042 
… r ； 
true value O ^ O (TTT^ ( O (Tn O (TtTT" 
( A l ) Classical size:20(Kl 109 cases converge 
mean 0.4990 0.4991 0.4988 0.4988 0.7355 0.4976 0.4976 0.5002 fixed 
bias 0.0010 0.0009 0.0012 0.0012 -0.2355 0.002-1 0.0024 -0.0002 
RMSE 0.0348 0.0176 0.020-1 0.0232 O.ofiTl 0.02fi2 0.0222 0.0283 
SD ratio 1.0370 0.91 M 1 .OOGO 1.0483 0.0121 0.9875 0.9095 0.9325 
( B l ) Classical .si7;e:r)00 78 cases converge 
niean 0 4778 0.4846 0.4947 0.4913 0.8810 0.4932 0.4947 0.4820 fixed 
bias 0.0222 0.015^ 0.0053 0.0087 -0.3810 0.0068 ().0fln3 0.0174 
H M S E 0 .0817 0.0471 0 . 0 4 , 0 . 0 4 6 4 0.7521 0.(LFI99 0.0-185 0 .0600 
SD ratio 1.0582 l.i;V2fi 1 .OrxST 丨.0371 O.-lfrM 丨 1 . ( ⑵ i ( J 丨.(1_2‘13 
" ( C D Classical si7.f:200 71 cases converge 
ineaii () 4563 0.4661 (1.48-47 0.4837 1 .(WOfi 0.4834 0.47-17 fixed 
bias fl 0437 0.0339 0.0153 O.fllfi^ -O.o.Wi fl.03-17 0.0106 0.(V253 
RMSE 0 1557 0.0756 0.0695 0.0645 0.8278 0.1020 0.0982 0.0827 
SD ratio 1.0578 丨.0772 0.9977 0.8748 0.4o78 0.96： 9^ 1.2422 0.8899 
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Table A.4: Simulation Result of the SEM approach (A2, B2, C2) 
Uesign Parameters 
5n SJi 522 531 532 Sn <?42 <>51 <^61 
true value (T J^^  TTTD OIK] OTTS 0770 ( m i ( m i Or5 O H 0：20 
(A2) SEM size: 2000 110 cases converge 
mean 0.6424 0.6978 0.5991 0.7455 0.6987 0.7927 0.7994 0.8473 0.8993 0.2002 
bias 0.0076 0.0022 0.0009 0.0045 0.0013 0.0073 0.0006 0.0027 0.0007 -0.0002 
RMSE 0.0614 0.0460 0.0114 0.0485 0.0104 0.0562 0.0126 0.0660 0.0169 0.0154 
SD ratio 1.1039 1.0581 1.0298 1.0129 0.9149 1.0647 1.0757 1.0574 0.9727 1.0865 
(B2) SEM size: 500 110 cases converge 
mfian 0.6425 0.7012 0.5965 0.7519 0.6939 0.7997 0.7952 0.8479 0.8921 0.2017 
bias 0.0075 -0.0012 0.0035 -0.0019 O.nOfil 0.0003 0.0048 0.0021 0.0079 -0.0017 
RMSE 0.1316 0.1022 0.02o-l 0.1198 0.0293 0.1347 0.0289 0.1163 0.0320 0.0340 
SD ratio 1.1 743 1.1(573 1.0988 1.2389 1.2fl5fi 1.2701 1.1574 0.9354 0.9008 1.1842 
(C2) SEM size: 200 109 cases converge 
mean 0.6591 0.6982 0.6016 0.7582 0.6947 0.7844 0.8033 0.7873 0.8960 0.1967 
bias -0.0092 0.0018 -0.0016 -0.0082 0.0053 0.0156 -0.0033 0.0627 0.0040 0.0033 
RMSE 0.1886 0.1317 0.0338 0.1635 0.0387 0.1809 0.0434 0.2573 0.0540 0.0471 
SD ratio 1.060(1 0.9519 0.9431 1.0725 1.0272 1.0843 1.1306 1.1679 1.0004 1.0716 
Design Parameters 
bTl t)73 ^83 <?22 032 033 M As A3 — 
"True value (TTO O D XTTO (H^ JTHIl TUn XUd (HKl 
(A2) SEM si7,p:20fl0 110 cases converge 
mean 0.9478 0.2993 0.3993 2.9997 0.5194 5.0528 1.0003 3.0104 -0.0020 
bias 0.0022 0.0007 0.0007 0.0003 -0.0195 -0.0523 -0.0003 -0.0104 0.0020 
RMSE 0.0162 0.0176 0.0224 0.1231 0.1518 0.4584 0.0454 0.0905 0.1030 
SD ratio 0.9477 1.0113 1.0520 0.9596 0.9739 1.1105 1.0861 l.lfi46 1.0007 
(B2) SEM si7e:500 110 cases converge 
mean 0.9478 0.2988 0.4001 2.99-11 0..'i262 5.0217 1.0170 2.9933 -0.0098 
bias 0.0022 0.0012 -0.0001 0.0059 -0.0262 -0.0217 -0.0170 0.0067 0.0098 
RMSE 0.0312 0.0387 0.0449 0.2679 0.3186 0.7129 0.0912 0.1805 0.2252 
SD ratio 0.9246 1.1066 1.0519 1.0176 1.0335 0.8630 1.0432 1.1217 1.0779 
(C2) SEM si7.p:2fl0 109 cases converge 
mean 0.9523 0.2882 ().38n-l 3.0107 0.572；? 0.7493 1.01 13 2.990-4 0.0234 
bias -0.0023 0.0118 (1.01-1(5 -0.0107 -0.072；^ -().7指3 -0.0113 0.0096 -0.023-4 
R M S E 0.0612 0.0624 0.0745 0.4532 (1.4813 2.1715 0.1-129 0.180O 0.2252 
SD ratio 1.1546 l.l(i21 1.1189 I.nfio-1 0.9-137 1.3582 1 .OofiO 】.09.=^1 1.0158 
Design Parameters 一 
e,(4,4) ^ei7.7) G,(8，8) Tf 
true value O O (Tn O (TT； O ( H f e ~ 
(A2) SEM si7o:20flfl 110 cases converge 
mflan 0.50 Ifi 0.5031 0.49(iG O.oOlfi 0.4650 0.5002 0.5013 0.5024 fixeA 
bias -0.001 fi -0.0031 O.OO.'Vt -0.0016 0.0350 -0.0002 -0.0013 -0.0024 
RMSE 0.0312 0.0174 0.018-4 0.fl‘23fi 0.2505 0.0233 0.0198 0.02(16 
SD ratio 1.0770 0.9093 0.9111 1 .OOOfi ] .0299 1.002：? 0.9484 1.0458 
(B2) SEM si7e:o00 110 cases converge 
mean 0.4924 0.4939 0.4977 0.5008 0.4264 0.4992 0.-1962 0.M31 fixeA 
bias 0.0076 0.0061 0.0023 -0.0008 O.OTiifi 0.0008 0.0038 -0.0031 
RMSE 0.0601 0.0353 0.0422 0.0390 0.4859 0.0475 0.0398 0.045fi 
SD ratio 1.0313 0.9404 1.0609 0.9199 0.9970 1.0882 0.8939 0.9311 
(C2) SEM size:200 109 cases converge 
mean 0.5077 0.5054 0.4950 0.4931 -0.0302 0.4902 0.4947 0.50«8 fixed 
bias -0.0077 -0.0054 O.OOoO 0.0069 0.5302 0.0098 0.00o3 -O.OOGS 
RMSE 0.08<S() 0.059；5 0.0654 0.0753 1.8075 0.0772 0.0692 0.0911 
SD ratio 0.942fi 0.9815 1.0390 1.0997 1.7656 1.1356 1.(13.57 1.1344 
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Table A.11: Simulation Result of the Classical approach (A5, B5, C5) 
Design Parameters — 
<^21 0-22 t)3i b32 ETi 5m 
true value (Din (1770 O H (TTo (TTH O i l O H OT； O O (TZH"" 
(A2) Classical fii7e:20fl0 107 cases converge 
mean 0.6640 0.7189 0.5927 0.7676 0.6924 0.8155 0.7936 0.8610 0.9109 0 1963 
bias -0.0140 -0.0189 0.0073 -0.0176 0.0076 -0.0155 0.0064 -0.0110 -0.0109 0.0037 
RMSE 0.1081 0.0928 0.0240 0.0984 0.0231 0.1090 0.0250 0.1925 0.0446 0 0193 
SD ratio 1.0028 0.9969 0.9613 0.9675 0.9161 0.9860 0.9933 1.0019 0.9296 1 0944 
(B2) Classical size:500 89 cases converge 
mean 0.7004 0.7580 0.5667 0.8163 0.6598 0.8687 0.7704 0.8732 0 9696 0.1446 
bias -0.0504 -0.0580 0.0333 -0.0663 0.0402 -0.0fi87 0.0296 -0.0232 -0.0696 0 0554 
RMSE 0.2335 0.2032 0.0964 0.2429 0.1105 0.2486 0.0863 0.2941 0.4871 0.3719 
SD ratio 1.0903 0.9285 0.9724 1.0151 1.0409 1.0266 0.9968 0.7491 1.3132 1.4797 
(C2) Classical size:20() 61 cases converge 
mean 0.7742 0.8631 0.4926 0.9108 (1.6110 0.9178 0.7698 0.9264 0.9n88 0.1616 
bias -0.1242 -0.1631 0.1074 -0.1608 0.0890 -0.1178 0.0302 -0.0764 -0.0588 0.0384 
RMSE 0.3069 0.4931 0.4501 0.3733 0.2fi14 0.3441 0.2735 0.3294 0.2259 0.1436 
SD ratio 0-9507 0.(^ 78丨 0.6428 0.5557 0.6101 0.fi594 0.7622 0.52丨8 1.19o2 
Design Parameters _ 
. ,^ 71 ^73 083 022 032 033 A： J^ y 
true value ( T ^ (OD (OD ITTTD (DTTI ？TUD OTn 31KT O H ~ 
(A2) Classical sizf!:2000 107 cases converge 
mean 0.9493 0.3017 0.4053 2.948fi 0.4641 4.9940 1.0074 2.9667 -0.0484 
bias 0.0007 -0.0017 -0.0Go3 0.0514 0.(1359 O.OOfiO -0.0074 0.0333 0.0484 
RMSE 0.0318 0.0250 0.0；164 0.2400 (U274 1.162(i 0.238.S 0.2095 0.2.=) 17 
SD ratio 0.9112 1.0149 0.9733 (1.9fi91 0.9141 1.(1984 22.0544 n7.3101 84.8336 
(B2) Classical siz(-50fl 89 cases converge 
mean 0.9646 0.2934 0.4125 2.8630 ().:W2H 4.9269 0.8fi87 2.8008 -0.1258 
bias -0.0146 0.0066 -0.0125 0.1370 0.1072 (1.0731 0.1313 0.1992 0.1258 
RMSE 0.1110 0.0836 0.0662 0.4921 0.593n 1.7378 0.4307 0.4245 0.4139 
SD ratio 0.9279 0.9018 0.9188 0.9500 0.8406 0.8fi87 丨 ; 2 8 . 8 7 8 5 3-1.363(i 
(C2) Classical size:200 61 cases converge 
mean 1.0188 0.2483 0.4174 2.7263 0.17:仍 4.8459 0.9997 2.7468 -0.2217 
bias -0.0688 0.0517 -0.0174 (1.27:37 0.326o 0.1541 (1.0003 0.2532 0.2217 
RMSE 0.2595 0.1912 0.0804 0.8117 0.8351 1.9530 0.6142 0.614fi O.oo22 
SD ratio 0-5831 0.5446 0.9314 丨.0138 0.8992 0.8n28 1(1.0407 20.0289 19.6032 
Design Parameters 
— 1 ) e , (4 ,4 ) ^e(7.7) n 
true value O O (TTi 01； (En O O n f e ~ ~ 
(A2) Classical sizo:2000 107 cases converge 
mean 0.4956 0.5014 0.4959 0.5019 0.7022 0.4948 0.5007 0.498,") fixed 
bias 0.0044 -0.0014 0.0041 -0.0019 -0.2022 0.0052 -0.0007 0.001 n 
RMSE 0.0393 0.0173 0.0191 0.0236 0.4776 0.0297 0.0227 0.031 1 
SD ratio 1.1322 0.8882 0.9239 1.0590 0.64-17 1.0843 0.9469 1.0.513 
(B2) Classical sizetoOO 89 cases converge 
mean (Uf iM 0.4918 0.4964 0.5002 0.8982 0.47(i9 0.4931 0.4927 fired 
bias 0.0347 0.0082 0.0036 -(1.00(12 -0.3982 (1.02:31 f).00fi9 0.0073 
RMSE 0.1208 0.0388 0.0157 0.0373 0.7297 0.0848 {1.0170 0.0579 
SD ratio 1 0.9806 1.1003 fl.8309 O.-lf.lfi 1.1432 0.9780 fl.9719 
(C2) Classical si7.e:200 61 cases converge 
mean 0.4671 0.4985 0.4902 0.4819 1 .Onnfi 0.4687 0.-4759 0.47.% fired 
bias 0.0329 0.0015 0.0098 0.0181 -().o5n(J 0.031；^ 0.0241 (1.0270 
RMSE 0.1700 0.0705 0.0831 0.0970 0.9320 0.0963 (1.1235 fl.G7fir, 
SD ratio 1.1616 1 -0590 1.2085 1.30-18 0.5287 0.9734 ().789(i O.SOfif) 
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Table A.11: Simulation Result of the Classical approach (A5, B5, C5) 
Uesign t^arameters _ ^ , . — 
^ 5iT 532 541 &42 051 061 "63 
true value——(TT^ (TTTd ( m i (TTS (TTd ( m i OTl OTHn (TOT OTZU— 
fA3) SEM si7.e:200fl H O cases converge 
l e a n 0 6574 0.7087 0.5978 0.7565 0.7001 0.8068 0.7997 0.8413 0.9028 0.1998 
bias -d 0074 -0.0087 0.0022 -0.0065 -0.0001 -0.0068 0.0003 0.0087 -0.0028 0.0002 
r M S E 0 0501 O.O.m fl.OlOl 0.0402 0.0103 0.0433 0.0105 0.0707 0.0254 0.0112 
SD ratio 0.9721 0.9689 0.9572 0.9274 0.9655 0.9136 0.9354 1.0671 0.9964 1.0198 
fB3~) SEM si7e:500 110 cases converge 
mean O.fiSGfi 0.7078 0.5998 0.7609 0.6992 0.7963 0.8041 0.8400 0.9002 0.2016 
bias -0.0066 -0.0078 0.0002 -0.0109 0.0008 0.0037 -0.0041 0.0100 -0.0002 -0.0016 
RMSE 0.1039 0.0809 0.0207 0.0947 0.0239 0.0978 0.0217 0.1298 0.0532 0.0242 
SD ratio 1.0113 1.0346 1.0145 1.0976 1.1259 1.0417 0.9695 0.9838 1.0343 1.1149 
fC3) SEM si7e:200 110 cases converge 
mean 0.6464 0.6877 0.6015 0.73fi7 0.7064 0.7779 0.80fi9 0.8536 0.8926 0.2015 
bias 0.0036 0.0123 -0.0015 0.0133 -0.00fi4 0.0221 -0.0069 -0.0036 0.0074 -0.0015 
RMSE 0.1727 0.1393 0.0396 0.1461 fl.0360i 0.1621 0.0380 0.2181 (1.0861 0.0410 
SD ratio 1.0496 �.1324 1.2332 1.07(19 1.0941 丨.0776 1-0914 1.0374 1.0972 1.1409 
Ufisig" Farametftfs 
^73 S i s 032 (p33 M A 2 
true valiip {1750 (0(1 WM J M (TTjn ^TKl VM J M FTWl 
(A3) SEM size:2000 110 cases converge 
mean 0.9506 0.2995 0.3996 2.9890 0.4941 5.0379 1.0003 2.9924 5.0026 
bias -0.0006 0.0005 0.0004 0.0110 0.0059 -0.0379 -0.0003 0.0076 -0.0026 
RMSE 0.0256 0.0119 0.0114 0.1283 0.1598 0.3814 0.0749 0.0914 0.1195 
SD ratio 0.9790 1.0416 1.062(5 1.0053 1.0437 1.0696 1.0471 1.1707 丨.1254 
(B3) SEM si7.o:500 H O cases converge 
mean 0.9398 0.3035 0.4024 2.9806 (1.5277 5.1415 (1.9796 3.0202 5.0247 
bias 0.0102 -0.0035 -0.0024 0.0194 -0.0278 -0.1415 0.0204 -0.0202 -0.0247 
RMSE 0.0596 0.02o9 0.0237 0.2818 0.3558 0.7fi86 0.1582 0.1657 0.2290 
SD ratio 1.1317 1.1475 1.1118 1.0957 1.1536 1.0584 1.0949 l.OMJi 1 -0695 
fC3) SEM Ri7e:200 n O cases converge 
mean 0.9566 0.2955 0.4001 2.9641 0.43 I I -1.908fi 0.9922 3.0136 4.9806 
bias -0.0066 0.0045 -0.0001 0.0350 0.0686 0.0914 0.0078 -0.013(i 0.0194 
RMSE 0.0995 0.0490 0.0434 0.4688 0.5132 1.3106 0.2988 0.2552 0.3986 
SD ratio 1.2322 1.3032 1.2394 1.1302 1.0642 1.1252 1 -2604 1.0108 1-1136 
Uesign Parameters ，，，‘，，、 
化(‘2,2) < ^ “ :U ) ee(4,4) e . y ?) <^^8,8) r . 
true value (175 O U n rTo (Tn 07) (ITn (TIO 
(A3) SEM Ri7.0：2000 110 cases converge 
mean 0.4956 O.nOfln 0.4992 0.5017 0.-1855 0.49cS5 0-4996 0.4990 fixeA 
bias 0.004-1 -0.0005 0.0008 -0.0017 0 . 0 1 0 . 0 0 1 n 0.0004 0.0010 
RMSE 0.0312 0.0185 0.0188 0.0190 0.1743 0.0187 0.0205 0.0230 
SD ratio 1.0918 0.9798 0.9424 0.8751 1.0-178 0.8291 0.9468 1.0071 
(B3) SEM si7,e:500 110 cases converge 
moan 0.4931 0.5023 0.5017 0.5015 0.4845 0.4961 0.5011 0.5002 fixed 
bias 0 0069 -0.0021 -0.0017 -0.0015 0.0155 0.0039 -0.0011 -0.0002 
RMSE 0.0573 0.0.369 0.0406 0.0422 0.3532 0.0416 0.0421 0.0441 
SD ratio 1.0108 0.9727 1.0119 0.972-1 1.0n8n 0.92.54 0.9730 0.958-1 
" ( C 3 ) SEM sizo:200 H O cases converge 
mean 0.5054 0.4998 0.4907 0.4943 0.4n04 0.4981 0.4862 0.4885 fixed 
bias -0.0054 0.0002 0.0093 0.0057 fl.()19(i 0.0019 0.0138 0.0115 
RMSE 0.0905 0.0593 0.0697 0.0090 0.0843 0.0742 0.0781 0.07 Ifi 
SD ratio 1.0197 0.9928 1.1067 1.0113 1.1955 1-0618 1.1201 0.9824 
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Table A.11: Simulation Result of the Classical approach (A5, B5, C5) 
Ufisign Parameters 
UTi 522 532 <?41 <^42 &51 6^1 ^63 
truo value 01575 fTTD DUn Ulo (TTn ( m i O H Ol^n O D O I T " 
(A3) Classical size:2000 107 cases converge 
mean 0.6697 0.7188 0.5939 0.7673 0.69o3 0.8168 0.7950 0.8116 (1.9059 0.1972 
bias -0.0197 -0.0188 0.0061 -0.0174 0.0047 -0.0168 0.0050 0.0384 -0.0059 0.0028 
RMSE 0.1089 0.0931 0.0217 0.0997 0.0232 0.1080 0.0239 0.21-14 0.0475 0.0 loo 
SD ratio 0.9823 0.9731 0.8910 0.9496 0.9fi43 0.9460 0.9744 0.9317 1.0064 0.8656 
(B3) Classical sizernOO 86 cases converge 
mean 0.7095 0.7666 0.5753 0.8223 0.6683 0.8639 0.7784 0.8579 0.9248 0.1928 
bias -0.0595 -0.0667 0.0247 -0.0723 0.0317 -0.0639 0.0216 -0.0079 -0.0248 0.0072 
RMSE 0.1964 0.1690 0.0685 0.1846 0.0732 0.2086 0.0739 0.2583 0.1032 0.0467 
SD ratio 0.9134 0.8941 1.1245 0.8891 1.1376 0.9497 1.1982 0.7745 0.9805 0.9957 
(C3) Classical size:200 59 cases converge 
mean 0.7105 0.8016 0.5412 0.8466 0.6469 0.8825 0.7640 0.8964 0.9842 0.1285 
bias -0.0605 -0.1016 0.0588 -0.0966 0.0531 -0.082a 0.0360 -0.0464 -0.0842 0.0715 
RMSE 0.3217 0.2741 0.1221 0.3042 0.1282 0.3061 0.1218 0.3183 0.4772 0.4687 
SD ratio 1.0931 0.98(19 0.8999 1.0258 0.9896 0.9699 0.%19 0.7231 0.6828 0.7212 
Design i^arameters 
571 573 Cis ^ ^ ^ 
true value (lHo (OD 31ID (Ton oTKl TTHT m i oIKl~~ 
(A3) Classical si7f;:2000 107 cases converge 
mean 0.9525 0.2980 0.3982 2.9fi3fi 0.5(122 5.2407 1.1783 3.0484 5.0779 
bias -0.0025 0.0020 0.0018 0.0364 -0.0022 -0.2407 -0.1783 -0.0484 -0.0779 
RMSE 0.0342 0.0240 (1.0370 0.2418 0.3fi17 1.3733 0.6143 0.2664 0.4727 
SD ratio 0.9816 0.9043 0.9350 0.9727 O.fl.Vil 1.0450 23.7255 34.9581 70.92fi3 
(B3) Classical sizeioOO 86 cases converge 
mean 0.9329 0.3113 0.4169 2.8fi71 0.4287 5.0554 1.5932 2.9348 4.8n70 
bias 0.0171 -0.0113 -fl.ni69 0.1329 0.071：^ -O.Oriol -0.5932 O.OfioQ 0.1430 
RMSE 0.0697 0.0-131 ().flfi2;3 0.50(11 (1.5731 1.5943 1.4437 0.5210 0.7321 
SD ratio 0.9680 0.8513 0.9547 0.9754 0.8771 0.84flfi 19.5825 22.0768 31.2391 
(C3 Classical si7fi:200 59 cases converge 
mean 0.9663 0.2998 0.42fi5 2.8236 0.2o05 -I.ri8n9 ‘2.070 丨 2.8488 4.5511 
bias -0.0163 0.0002 -0.0265 0.17fi4 0.2495 0.3141 -1.0701 0.1512 0.4489 
RMSE 0.1528 0.0761 0.0765 0.8294 0.8031 2.0027 1.8051 0.9095 1.0455 
SD ratio 1.1017 0.7971 fl.8527 丨.llfi‘2 0.9011 l.OOy) 丨2.(ffl30 10.8134 丨 
Uesigti Parameters 
~ ^ 1 ’ 1 ) e , (4 ,4) e.( .Vn) 拟 r . j ) r . 
true value O O O O O O (TtTl 
(A3) Classical size:2000 107 cases converge 
mean 0.4925 0.4995 0.4991 0.5019 0.7064 0.49fi4 0.4976 0.4981 fixed 
bias 0.0075 O.OflOo 0.0009 -0.0019 -0.2065 0.0036 0.0024 0.0019 
RMSE 0.0379 0.0191 0.0188 0.0204 0.6057 0.0224 0.0226 0.0285 
SD ratio 1.0972 0.9945 0.9288 0.9179 0.6575 0.8411 0.9315 0.9580 
(B3) Classical .si7.e:50fl 86 cases converge 
mean 0.460(i 0.499：^ (1..W11 0.5007 (1.8675 0.4835 (l.o048 0.4860 fixed 
bias 0.039-4 0.0007 -0.001 I -0.0007 -0.3()75 0.0165 -0.0043 0.0140 
RMSE 0.131 o O.O.Wi 0.0382 0.0428 O.fil 19 0.0773 0.0475 n.flo24 
SD ratio 1..3471 0.9282 0.9201 O.flnig 0.4097 1.1693 1.0210 O.ttO.'vi 
(C3) Classical si7P:200 59 cases converge 
niPaii ().4ol2 ().48n9 0.-1753 ()..17,=i5 ().n<S8() 0.4908 O.-lTfifi ().-lfi-J2 fixed 
bias 0.0488 ().()191 (1.(]‘247 0.0245 -0.1886 0.0092 ().(123t 0.03o8 
UMSE (U729 0.0727 0.0799 0.0807 0.8190 0.12fi3 O.OSon 0.0809 
SD ratio 1.014-j I.OIir) 1.1522 丨.()fi,5‘l 0.5844 0.8438 1.0108 0.8o7() 
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Table A.11: Simulation Result of the Classical approach (A5, B5, C5) 
Uesign Parameters , , 
57； 522 531 532 Sil b i l &51 fei <>63 
true value——(1115 (TTD U W (TTo i m U M ( m i O H O I T " 
( \A) SEM si7.e:2000 110 cases converge 
i e a n 0 6472 0.6997 0.5984 0.7502 0.6990 0.8000 0.7993 0.8468 0.8996 0.1988 
bias 0 0028 0.0003 0.0016 -0.0002 0.0010 0.0000 0.0007 0.0032 0.0004 0.0012 
RMSE 0.0568 0.0398 0.0103 0.0465 0.0104 0.0520 0.0115 0.0527 0.0172 0.0145 
SD ratio 1.0313 0.9200 0.9318 0.9741 0.9104 0.9956 0.9759 0.8494 0.9922 1.0236 
(B4) SEM si7.e:500 110 cases converge 
^pan 0.6665 0.714fi 0.5966 0.7755 0.6958 0.8133 0.7996 0.8294 0.8931 0.2033 
bias -0.0165 -0.0146 0.0034 -0.0255 0.0042 -0.0133 O.OOOo 0.0206 0.0069 -0.0033 
RMSE 0.1220 0.0928 0.0240 0.105fi 0.0257 0.1117 0.0222 0.1399 0.0386 0.0311 
SD ratio 1.0716 1.0324 1.0274 1.0437 1.0594 1.0340 0.9068 1.0825 1.0933 1.0675 
(C4) SEM size:200 107 cases converge 
mean 0.6663 0.7112 0.5936 0.7718 0.6885 0.8093 0.7954 0.8778 0.8886 0.2115 
bias -0.0163 -0.0112 0.0064 -0.0218 0.0115 -0.0093 0.0046 -0.0278 0.0114 -0.01 In 
RMSE 0.2325 0.1650 0.0228 0.1704 0.0318 0.1722 0.0355 0.1407 0.0597 0.0617 
SD ratio 1.1938 1.1347 1.0419 1.1825 1.1063 1.0186 1.1420 0.%54 1-13/6 
Design Faramfiters 
57T ？J73 583 巾3-) 033 Al A2 -^3 
true value Um (OH OTTO ITT)!] rDid JOT TTK) i m i OlKl 
(A4) SEM fii7e:20fl0 110 cases converge 
rneaii 0.9489 0.3002 0.3990 2.9903 0.5135 5.0432 1.0030 3.0019 0.0028 
bias 0.0011 -0.0002 0.0010 0.0037 -0.013n -0.0432 -0.0030 -0.0019 -0.0028 
RMSE 0.0179 0.0169 0.0204 0.1189 0.1521 0.3847 0.0387 0.0825 0.1008 
SD ratio 1.0566 0.9727 0.9615 0.9286 0.9997 0.9685 0.9203 1.0576 0.9827 
(B4) SEM s i z e 遍 110 cases converge 
mean 0.9464 0.3029 0.3999 2.9944 0.5520 5.0809 1.0096 2.9711 0.0057 
bias 0.0036 -0.0029 0.0001 0.0056 -0.0520 -0.0809 -0-0096 0.0289 -0.0057 
RMSE 0.0376 0.0388 0.0455 0.2170 0.3277 O.8600 0.0979 0.18o4 0.2286 
SD ratio 1.1080 1.0977 1.0678 0.8156 1.0344 1.0008 1.1138 1.1139 1 -0527 
(C4) SEM si7,(^ :200 107 cases converge 
tneaii 0.9455 0.3086 0.4166 2.8312 0.4743 5.0816 1.0469 2.9319 -0.0893 
bias 0.0045 -0.0086 -0.0166 0.1688 0.0257 -0.0816 -0.0469 0.0681 0.0893 
RMSE 0.0358 0.0497 O.Ofifil 0.4888 0.5630 1.5n04 0.1825 0.3513 0.4160 
SD ratio 1.0050 1.2048 1.1088 1.0070 1.1170 1.1768 1-1612 1-18H 1-1661 
"sign 礼(:U) 4) e.i^ M ea/j) 
true value ^ Oil (Tn (DT^ O O fTn O (011 
(A4) SEM si7e:2000 H O cases converge 
mean 0.4972 0.4989 0.5029 0.5020 0.4773 (1.-1996 0.r,027 0.5008 fixf^A 
bias 0.0028 0.001 I -().(KV2(J -0.0020 0.0227 O.OOOO -0.0027 -0.0008 
RMSE 0.0313 0.0197 0.0198 0.0224 0.2231 0.0212 0.0212 (1.0249 
SD ratio 1.0947 1.0410 0.9912 1.0179 0.训2fi 1.(1119 (l.(J93fi 
(B4) SEM si7(-:50() 110 cases converge 
nioati 0.4947 0.5000 0.5024 0.4952 0.4060 0.5008 0.4987 0.5(101 fixed 
bias 0.0053 fl.OOflO -0.0024 0.0048 0.0940 -0.0008 0.0013 -0.0001 
RMSE 0.0023 0.0372 0.0435 0.0430 0.6051 0.0448 0.0443 0.0485 
SD ratio 1.0579 1.0150 1.0823 (1.9884 1.127n 1.0424 1.0o03 0.9528 
(C4) SEM si7,e:200 107 cases converge 
mean 0.4977 0.5017 0.4934 0.4977 0.45-11 0.5013 0.4999 0.4848 fixeA 
bias 0.0023 -0.0017 0.0066 0.0023 0.0459 -0.0013 0.0001 0.0153 
RMSE 0.1043 0.0534 O.Ofifi? 0.0705 0.9073 0.0807 0.0686 0.08n3 
SD ratio 1.1022 0.8881 丨.0532 1.0292 l .MnS 1.1866 1.0330 丨.(1fi’2(1 
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Table A.11: Simulation Result of the Classical approach (A5, B5, C5) 
” D e s i g n Parameters . ^ , . , — 
57： 57； 551 Si^  b4-2 051 ^ 063 
true value U ^ ( m i (H^ (TTIl O D O D Ol??； O i l O T " 
(A4) Classical si7(?:2000 105 cases converge 
^eai i 0.6532 0.7041 0.5953 0.7561 0.6932 0.8054 0.7946 0.8176 0.9063 0.1942 
bias -0 0032 -0.0041 0.0047 -O.OOfil 0.0068 -0.0054 0.0054 0.0324 -0.0063 0.0058 
RMSE 0 1197 0.0973 0.0236 0.1102 0.0240 0.1202 0.0246 0.2018 0.0477 0.0177 
SD ratio 1.0980 1.0430 1.0165 1.0720 0.9966 1.0718 1.02:^2 0.8599 0.9878 0.9378 
fB4) Classical si7e:5fl0 89 cases converge 
mean 0.7041 0.7539 0.5684 0.8249 0.6fi74 0.8681 0.7739 0.8243 0.9191 0.1870 
bias -0.0541 -0.0539 0.0316 -0.0749 0.032fi -0.0681 (1.0201 0.0257 -0.0191 0.0130 
RMSE 0.2436 0.2094 0.1115 0.2386 0.1069 0.2459 0.0829 0.3309 0.1027 0.0507 
SD ratio 1.1307 1.0486 1.4073 1.08M 1.3635 1.0474 1.1238 0.7292 0.9100 O.880I 
(C4) Classical si7.e:2fl0 58 cases converge 
mean 0.7205 0.8095 0.5497 0.8635 0.6525 0.9026 0.7543 0.9987 0.9813 0.1730 
bias -0.0705 -0.1095 0.0503 -0.1135 0.0475 -0.1026 0.0457 -0.1487 -0.0813 0.0270 
RMSE 0.2774 0.2514 0.1113 0.2663 0.1108 0.2697 0.1094 0.3222 0.2751 0.1371 
SD ratio 0.8580 0.8620 0.8744 0.8700 0.9fi79 0.8127 0-9173 0-8706 0-8103 0-7666 
Uesign t^arameters , 
StI 573 Sgs 03-> 033 AO A3 
true value ( T ^ O d O H XfilJ (Trm olRl TTOl IHRl (TTKT""" 
(A4) Classical si7,e:20fl0 105 cases converge 
mean 0.9490 0.2985 0.3972 2.9757 0.5210 5.2545 0.9989 2.9824 0.0048 
bias 0.0010 0.0015 0.0028 0.02-13 -0.0210 -0.2545 0.0011 0.0176 -0.0048 
RMSE 0.0330 0.0267 0.0392 0.2623 0.3517 1.2510 0.2462 0.2093 0.2742 
SD ratio 0.9339 1.0022 0.9638 1.0709 0.8992 0.8673 25.923n 61.159丨 96.4766 
(B4) Classical si7P:500 cases converge 
mean 0.9nfi9 0.2983 0.4114 2.88o3 0.4626 5.1273 0.9280 2.8513 -0.0583 
bias -0.0009 0.0017 -0.0114 0.1147 0.0374 -0.1-274 0.0720 0.1487 0.0583 
RMSE 0.1069 0.0642 0.0678 0.5546 0.6684 1.9923 0.4113 0.443o 0.4762 
SD ratio 1.21,37 0.9423 0.9079 1.0808 0.8947 0.9445 13.272o 32.3687 38.6482 
(C4) Classical Ri7.e:2n0 58 cases converge 
nifiaii 0.9537 0.3208 0.4508 2.678；^ 0.2290 4.4088 0.8865 2.7171 -0.3175 
bias -0.0037 -0.0208 -0.0508 0.3217 0.27in 0.5312 0.11.55 0.2829 0.3110 
RMSE 0.1232 0.0671 0.0cS90 n.an74 1.0496 1.8144 fl.6o97 0.4917 0.5496 
SD ratio 1.0361 0.8801 ().%87 0.86:^1 (1.78.57 0-9519 10-3861 14.5813 �7.04fif^ 
Uesign Parameters — “ 
~^’1) 〜<-^.(4.41 idMi^) 「：^ 
true valuo (13 ( O O U J T O O ( O (TRl 
(A4) Classical size:2000 105 cases converge 
mean 0.4932 0.4981 0.5020 0.5020 (1.709.5 0.4953 0.5020 0.5016 fixeA 
bias 0.0068 0.0019 -0.0020 -0.0020 -0.2095 0.0047 -0.0020 -0.0016 
RMSE 0.03fi0 0.0205 0.0208 0.0229 0.4533 0.0250 fl.025,=i 0.0312 
SD ratio 1.0490 1.0050 1.0188 1.0298 0.4661 0.9198 1.0539 1 -0355 
(B4) Classical s i z e 爛 89 cases converge 
mean 0.4747 0.4942 0.4972 0.4943 1.038fi 0-4893 0.4965 0.4855 fixed 
bias 0.0253 0.0058 0.0028 0.0057 -0.5380 0.0107 0.003fi 0.0145 
RMSE 0.0920 0.038n 0.0^128 0.fl4fin 0.890.3 0.0652 0.0."126 0.0537 
SO ratio 1.1095 0.979.S 1.0283 1.0352 (U.'^H 1.098r, 1.0874 O.^Sn? 
(C4) Classical si/f>:2()() 58 cases converge 
mean 0.4577 0.-1876 O.JH.'W ().'19nl l.(H)nl fl-1499 0.5«I7 ().-»rv2:< fixed 
bias 0.0423 0.fl12ri O.Olfil 0.0(149 -0.ri9nl 0.0501 -0.0017 0.(1-177 
RMSE 0.1689 0.0rv2(i 0.0817 0.0721 (1.764:1 0.1401 0.08n4 0.0895 
SD ratio 1.0959 OJonfi 1.1762 ().97HI ().4.V27 O.fiOfio 1.1375 0.8927 
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Table A. 13: Simulation Result of the Classical approach (A6, B6, C6) 
Parameters — 
522 Ssi ^TI bA2 661 ^63 
true value fETJH {TTD (05I1 OTTo 077(1 (OTl ( m i ^ O D T K T -
(A5) SEM si76:2000 110 cases converge 
mean 0.6461 0.6980 0.5998 0.7496 0.7003 0.8005 0.7989 0.8473 0.9002 0.2004 
bias 0.0039 0.0020 0.0002 0.0004 -0.0003 -0.0005 0.0011 0.0027 -0.0002 -0.0004 
RMSE 0.0360 0.0292 0.0192 0.0300 0.0198 0.0340 0.0186 0.0453 0.0281 0.0240 
SD ratio �.091fl 0.9939 0.8513 0.9675 0.8939 1.0351 0.8438 1.0728 1.0901 0.8527 
(B5) SEM size:500 110 cases converge 
mean 0.6451 0.6920 0.6004 0.7450 (1.7001 0.8003 0.7990 0.8371 0.8919 0.1993 
bias 0.0049 0.008(1 -0.0004 0.0050 -0.0001 -0.0003 0.0010 0.0129 0.0081 0.0007 
RMSE 0.0765 0.0650 0.0428 0.0687 0.0424 0.0689 0.0423 0.0833 0.0497 0.0596 
SD ratio 1.1422 1.102(1 0.9645 1.0984 0.9473 1.0424 0.9465 0.9528 0.9620 1.0651 
(C5) SEM si7;e:200 110 cases converge 
mean 0.6468 0.7044 0.5789 0.7446 0.6846 0.8045 0.7788 0.8263 0.9169 0.1669 
V bias 0.0032 -0.0044 0.0211 0.0054 0.0ln4 -fl.004o 0.0212 0.0237 -0.0169 0.0331 
RMSE 0.0979 0.1027 0.0839 0.1031 0.0713 0.1270 0.0876 0.1331 0.0988 0.1015 
SD ratio 0.9505 1.1036 1.1563 丨.(KMd 0.9937 1.2092 1.1870 �.0丨08 丨.2241 1-1522 
Uesign Parameters — 
^73 583 ^33 入：2 
true value U M O d (RD TUD (TTJO HKl V M ？TTKl f O K l ~ 
(A5) SEM si7.p:2000 110 cases converge 
mean 0.9511 0.3003 0.4008 1.0043 0.4973 0.9898 0.9894 3.0091 5.0094 
bias -(1.0011 -0.0003 -0.0008 -0.0043 0.0027 0.0102 0.0106 -0.0091 -0.0094 
RMSE 0.0254 0.(1227 0.0206 0.0fi4fi 0.0741 0.1731 0.1546 0.1060 0.1309 
SD ratio 0.9752 0.8433 0.8678 1.0490 0.9189 0.9721 fl.8fi94 0.8652 0.8395 
(B5) SEM si7.fi:500 110 cases converge 
mean 0.9447 0.2980 0.3985 1.0078 0.5102 1.0433 0.9733 3.0273 5.0485 
bias 0.0053 0.0020 0.0015 -0.0078 -0.0102 -0.0433 0.0268 -0.0273 -0.0485 
RMSE 0.0561 0.0598 0.0532 0.1319 0.1635 0.3329 0.4432 0.3041 0.3801 
SD ratio 1.0812 1.1053 1.1010 1.0293 0.9889 0.9164 1.140o 1-1104 1.0812 
(C5) SEM Ri7.e:200 110 cases converge 
mean 0.9581 0.272fi 0.3764 1.0484 0.5359 1.1882 1.1029 2.9289 4.9533 
bias -0.0081 0.0274 0.0236 -0.0484 -0.0359 -0.1882 -0.1029 0.0711 0.0467 
RMSE 0.0715 0.0905 0.0778 (1.2083 0.2343 0.5537 0.6128 0.4426 fl.o727 
SD ratio 0.8750 1.0873 1.0868 1.0551 0.9748 0-9736 丨.1182 1.1365 1-1150 
Design Parametfirs — 
- W J ) ^ d ' U ) 仏 � H ’ 4 ) � ( , = ) , ? ) ) 仏 ⑴ V f ~ ~ 
tnifi value O O O (UT^ UJ, TTH ( O JTTi (Hlri 
(A5) SEM size:2000 110 cases converge 
mean 0.5000 0.4984 0.5002 0.4957 0.5020 0.5001 0.4993 0.5027 fixed 
bias O.flOOO 0.001 fi -0.0002 0.004；^ -0.002(1 -0.0001 0.0007 -0.0027 
RMSE 0.0259 0.0189 (1.0193 0.0229 0.0788 0.0236 0.019n 0.0230 
SD ratio 0.9868 1.0296 1.0016 1.1028 ().9；?88 1.1659 0.972；? 1 
(B5) SEM si7P:ri00 110 cases converge 
nieati 0.4947 0.4937 (1.4981 0.-I912 0.4589 0.4943 ().o020 0.-49fi4 fixed 
bias O.OOM O.Oflfi；? 0.0(119 0.0088 0.0-111 0.0057 -0.0020 O.OO^fi 
RMSE 0.0o22 0.0398 (1.0370 0.0386 0.1693 0.0399 0.0337 0.0434 
SD ratio 0.99fi4 1.0806 0.9608 0.9270 0.9766 0.986(1 0.8362 1.0357 
(C5) SEM size:200 H Q cases converge 
mean 0.4773 0.4940 0.5083 0.4936 0.3670 0.473(i 0.4938 0.5071 fixeA 
bias 0.0227 0.0060 -0.0083 0.0064 0.1330 0.02f)4 0.0(162 -0.0071 
RMSE 0.0890 O.Ofil? 0.0573 0.0614 0.3094 O.flfi4o 0.0642 0.0660 
SD ratio 1.0181 1.0681 0.9170 0.9477 1.0347 0.9387 1.0151 0.9913 
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Table A. 13: Simulation Result of the Classical approach (A6, B6, C6) 
Parameters 
iJll 521 ^22 Sal 532 541 b42 ftsi <^61 <>63 
true value (TTJ^  077(1 f l l ^ (TTo (177(1 O d OTl 07； 0：^! ~ 
(A5) Classical si7e:2000 54 cases converge 
mean 0.6571 0.9844 0.6181 0.9792 0.6831 1.0490 0.7737 0.9183 1.1203 -0.2442 
bias -0.0071 -0.2844 -0.0181 -0.2292 0.0169 -0.2490 0.0263 -0.0683 -0.2203 0.4442 
RMSE 0.0590 0.9712 0.3940 0.8492 0.2091 0.7314 0.1500 0.1124 0.5983 1.2659 
SD ratio 1.01fi3 0.3484 0.3406 0.4855 0.3826 0.5363 0.4148 0.6725 0.3252 0.6017 
(B5) Classical sizernOO 44 cases converge 
mean 0.6563 1.3645 0.5434 0.9003 0.6445 1.0636 0.7480 0.8810 1.0070 -0.0071 
bias -0.0063 -0.6645 0.0566 -0.1503 0.0555 -0.2636 0.0520 -0.0310 -0.1070 0.2071 
RMSE 0.1044 3.2003 0.4065 0.6015 0.1391 0.7128 0.1603 0.1183 0.3169 0.559n 
SD ratio 1.0206 0.6735 0.5719 0.6722 0.5827 0.5146 0.5174 0.6569 0.5002 0.4886 
(C5) Classical si7e:200 34 cases converge 
mean 0.6323 0.8349 0.5577 0.7098 0.7562 0.7946 0.7784 0.8555 0.9757 0.0398 
bias 0.0177 -0.1349 0.0423 0.0402 -0.0562 0.0flo4 0.0216 -0.0054 -fl.07n7 0.1602 
RMSE 0.1192 0.6625 0.3715 0.5438 0.3608 0.3818 0.2103 0.1433 0.5470 0.7165 
SD ratio 0.7521 0.7346 0.7(155 0.7833 0.7028 0.6316 0.752n 0.6131 
Design Parameters 
Sti 583 (p33 Ai 入 2 入3 “ 
true value (OO U M HK) ( m i TTKl 010 m i TTUn""" 
(A5) Classical si7,e:2000 54 cases converge 
mean 1.1616 -0.1436 0.4503 1.0097 0.4082 0.6777 3.4907 3.3945 4.2048 
bias -0.2116 0.443fi -0.0503 -0.0097 0.0919 0.3223 -2.4907 -0.3945 0.7952 
RMSE 0.7740 1.7814 0.0771 0.1327 0.1609 0.5003 3.5152 1.0353 1.3048 
SD ratio 0.3262 0.5198 0.7680 0.9679 0.6351 0.6477 34.4710 29.%79 51.6563 
(B5) Classical si/.eioOO 44 cases converge 
mean 1.0233 0.1571 0.4133 1.0001 0.4315 0.84o3 3.9478 3.4776 4.3319 
bias -0.0733 0.1429 -0.(1133 -0.0001 (l.OfiHn 0.1547 -2.9478 -0.4776 0.6681 
RMSE 0.5863 1.075,5 (1.0762 0.2085 0.6043 O.ofiflT 3.9231 1.2396 1.2083 
SD ratio 0.6047 0.5990 0.7212 0.7777 0.691.1 15.72’M 19.6249 
(C5) Classical si7.e:200 34 cases converge 
mean 0.9854 0.2477 0.4154 1.0539 0.5059 0.9o42 -1.6756 3.8736 4.6362 
bias -0.0354 0.0523 -0.0154 -0.0539 -0.00n9 (1.0458 -3.fi75fi -0.873fi 0.3638 
RMSE 0.3510 0.fil56 0.1464 0.3112 0.2(551 0.,%96 4.3737 1.6802 1.2853 
SD ratio 0.7514 0.7395 丨.0910 0.7909 0.6838 0.5976 9.0335 9.4741 10.5301 
Uesign Parameters — 
-9711,1) ( "M .v 丨 ） e , ( 4 , 4 ) e a / y ) 0 . ( 8 , 8 ) r「 
true value O O O ( T ^ O O O nilo 
(A5) Classical si7.e:2000 54 cases converge 
mean 0.4783 0.49-10 0.4989 0.490o 0.6121 0.493n 0.4991 0.4899 fixed 
bias 0.0217 0.0060 0.0012 0.009n -0.1121 0.0065 0.0009 0.0101 
RMSE 0.0579 0.0215 fl.0231 0.0504 0.1911 0.0431 0.0245 0.0300 
SD ratio 1.0296 1.0057 1.0543 1.4917 (l.fi038 1.299o 0.9912 1.074fi 
(B5) Classical si7,e:500 44 cases converge 
mean 0.4601 0.4647 0.4807 0.4782 0.5741 0.48；5「） 0.4996 0.4881 fixeA 
bias 0.0399 0.0353 0.0193 0.0218 -0.0741 0.0145 0.0004 0.0119 
RMSE 0.1053 0.0890 0.0565 0.0487 0.1962 0.0829 0.0620 0.0479 
SD ratio 0.7816 1.0fi59 1.0840 0.2498 O/tSnl 1.0398 1.0290 0.8o7n 
(C5) Classical si7,e:20fl 34 cases converge 
mean 0.4551 0.4509 0.4826 0.4784 0.5020 0.4597 0.4367 0.4817 fixed 
bias 0.0449 (l.O'm 丨 0.017-丨 0.0216 -0.0620 0.0403 0.0634 0.0183 
RMSE 0.161 1 0.1044 0.071-1 0.1010 0.2741 0.0965 0.1 16：^  0.(178(1 
SD ratio 0.9491 丨.川9丨 0.9591 1.0399 n.n3-12 1.1:V2(1 O.RTOO (1.9371 
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Table A. 13: Simulation Result of the Classical approach (A6, B6, C6) 
Ufisign Parameters 
fell <>21 b-22 b3i &32 <>41 042 <>51 ^61 <>63 
true value U M UlU (H^ (TTo 070 ( m i OTI U l ^ OTl O D 
(A6) SEM si7,e:2000 110 cases converge 
mean 0.6523 0.6972 0.6013 0.7519 0.6991 0.8022 0.7985 0.8462 0.9007 0.2033 
bias -0.0023 0.0028 -0.0013 -0.0019 0.0009 -0.0022 0.0015 0.0038 -0.0007 -0.0033 
RMSE 0.0324 0.0303 0.0125 0.0289 0.0117 0.0414 0.0149 0.0484 0.0180 0.0356 
SD ratio 0.9564 0.9561 1.0130 0.8828 0.9677 1.1635 1.1367 0.9671 0.9543 0.9156 
(B6) SEM si7.e:500 102 cases converge 
mean 0.6549 0.7030 0.5958 0.7503 0.6999 0.8106 0.7959 0.8328 0.8960 0.1958 
bias -0.0049 -0.(1030 0.0042 -0.0003 fl.OOOl -0.0106 0.0041 0.0172 0.0040 0.0042 
RMSE 0.064fi 0.0614 0.0295 0.0714 0.0276 0.0748 0.0279 0.1053 0.0379 0.0844 
SD ratio 0.9245 0.9739 1.1345 1.0674 1.0443 1.0361 1.0007 1.0788 0.9658 1.1041 
(C6) SEM si7.e:2Q0 84 cases converge 
mean 0.6298 0.6917 0.6000 0.7418 0.6980 0.7870 0.8010 0.7340 0.9333 0.1299 
bias 0.0202 0.0083 0.0000 0.0082 0.0020 0.0130 -0.0010 0.1160 -0.0333 0.0701 
RMSE 0.0983 0.0949 0.0464 0.1198 0.0560 0.1066 0.0464 0.2620 0.1415 0.2959 
SD ratio 0.9376 0.9937 1.2018 1.1R61 1.3881 0.9899 1.119-1 1.4614 1.5640 1.7109 
U«sign Parameters — 
57l 573 ^83 ^ (p^ ^ ^ ^ 
true value U m ' (OD O i l HR) (m i TTR] OKI XTW (TnD 
(A6) SEM si7e:200fl 110 cases converge 
mean 0.9493 0.2970 0.4043 1.0041 0.5070 l.fl:W7 1.0058 2.9975 -0.0036 
bias 0.0007 0.0030 -0.0043 -0.0041 -0.0070 -0.03;-i7 -0.0058 0.0025 0.0036 
RMSE 0.0195 0.0400 0.0450 0.0582 0.0714 0.2075 0.0404 0.0488 0.0737 
SD ratio 1.0240 0.9834 1.0207 0.9107 0.8076 0.9048 1.0122 0.9299 (1.9605 
(B6) SEM si7.e:500 102 cases converge 
mean 0.9454 0.2955 0 3910 1.0038 0.5116 1.1193 1.0252 2.9792 -0.0040 
bias 0.0046 0.0045 0.0090 -0.0038 -0.01 Ifi -0.1193 -0.0252 0.0208 0.0040 
RMSE 0.0427 0.0938 0.0920 0.1287 0.1726 O.nonO 0.114] 0.1202 0.1928 
SD ratio 1.1232 1.14fi4 1.1016 0.9740 0.98fi4 1.1487 1.2717 1.(1259 1.1804 
(C6) SEM .si7.e:20fl 84 cases converge 
mean 0.9673 0.2469 0.3654 1 .Oofi? 0.fifi03 1.653 7 1.0073 3.0o41 0.1298 
bias -0.0173 0.0531 0.0346 -0.0567 -n.lfi03 -0.6537 -0.0073 -0.0541 -0.1298 
RMSE 0.1079 0.202.3 0.1355 0.1952 0.3774 1.4162 0.1 o30 0.1637 0.3488 
SD ratio 1.3887 彳.2745 1.0985 0.9564 1.2737 1.2973 1.2654 0.9612 1.3794 
Uesign Parameters “ 
0,(1,1) e,(4,4) e.(7,7) [f 
true value O O O ITo (Tn (Tn (Tn O ( U l o ~ 
(A6) SEM siw:20fl0 110 cases converge 
mean 0.4999 0.5007 0.4974 0.50-Jl 0.4812 0.4998 0.5009 0.5008 fixed 
bias 0.0001 -(1.0007 0.002G -0.0011 0.0188 0.0002 -0.0009 -0.0008 
RMSE 0.0298 0.0193 0.0183 0.0206 0.119(i 0.0197 0.0198 0.0228 
SD ratio 1.2207 1.0527 (1.94o0 0.9828 1.0004 0.97oo 0.9964 1.0623 
(B6) SEM si7.(!:oflO 102 cases converge 
mean 0.4936 0.5017 0.49o0 0.5033 (1.3927 0.5001 0.4977 0.4972 fixed 
bias 0.0064 -0.0017 (1.0050 -fl.003：^ 0.1073 -0.0001 0.0023 0.0028 
RMSE 0.0510 0.0377 0.0403 0.0359 0.0433 0.0394 0.0410 
SD ratio 1.0280 1.027fi 1.0140 0.876-1 1.198-1 1.0(i94 0.9849 0.9694 
(C6) SEM si7P:200 84 cases converge 
mean 0.4876 0.4942 0.4877 0.4885 (l.fl.'Wl 0.485fi (1.4916 ().n099 fixed 
bias 0.0124 0.0058 0.0123 O.niln (l,lfi39 0.0 M 4 0.(108-1 -0.0099 
RMSE 0.0855 O.Ofill 0.flfiri2 ().0fi22 0.9-139 (l.(l«)0 0.0670 0.0o70 
SD ratio 1.0731 1.0592 1.0715 0.9653 l.17‘28 I.OnOI 1.0491 n.819fi 
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Table A. 13: Simulation Result of the Classical approach (A6, B6, C6) 
design Farameters 
Sii 522 531 Sai 642 ^si (>6i Sis 
true value (TTI^  (TTD ( m i (TTTS (TTn ( m i (THU (TRn O H (ITZO 
(A6) Classical si7e:2000 58 cases converge 
mean 0.6708 0.8201 0.5872 0.8771 0.6822 0.9332 0.7742 0.9273 1.1093 -0.1686 
bias -0.0208 -0.1201 0.0128 -0.1271 0.0178 -0.1332 0.0258 -0.0773 -0.2093 0.3686 
RMSE 0.0595 0.2312 0.0754 0.2096 0.0703 0.2209 0.0762 0.1196 0.6097 1.1103 
SD ratio 0.9629 0.8883 0.9987 0.7441 0.8613 0.8452 0.9287 0.6846 0.7901 0.7756 
(B6) Classical si7.e:500 42 cases converge 
mean 0.6513 0.8910 0.6051 0.7183 0.6989 1.0365 0.7974 0.9026 1.0997 -0.1206 
bias -0.0013 -0.1910 -0.0051 0.0317 0.0011 -0.2365 0.002fi -0.0526 -0.1997 0.320fi 
RMSE 0.0927 0.5246 0.1055 1.1973 0.1298 0.6686 0.1230 0.1546 0.3757 0.6113 
SD ratio 0.9914 0.5842 0.6092 0.5329 0.6727 1.3128 0.6435 0.6515 0.8085 0.6426 
(C6) Classical si7e:200 38 cases converge 
mean 0.5850 0.6530 0.7185 0.1997 0.8870 0.8014 0.8344 0.7810 0.974fi -0.0062 
bias 0.0650 0.0470 -0.1185 0.5503 -0.1870 -0.0014 -0.0344 0.0690 -0.074fi 0.2062 
RMSE 0.2126 0.5737 0.3289 3.6757 1.073fi 0.4025 0.3529 0.2497 0.5979 1.1164 
SD ratio 1.2214 0.7351 n.6168 0.9759 2.0262 0.6827 0.7628 0.8093 0.8747 1.0080 
Ufisign h'arametflrs — 
571 ^73 583 ^32 Xi A? 
true value (T^ O d O H rUD (TTJO 1710 TUn J W (HKl 
(A6) Classical si7e:2000 58 cases converge 
mean 1.0141 0.1870 0.4541 0.9863 0.3925 0.6888 0.7546 2.9305 -0.0072 
bias -0.0641 0.1130 -0.0541 0.0137 0.1075 0.3112 0.2454 0.0695 0.0072 
RMSE 0.1826 0.3398 0.0863 0.1062 0.1846 0.5198 0.5944 0.2198 0.1994 
SD ratio 0.8638 0.8389 0.8614 0.7947 0.7174 0.6835 27.7842 25.3780 36.4326 
(B6) Classical si7e:5flfl '42 cases converge 
mean 1.0785 0.0608 0.4190 1.0102 0.4148 0.7924 0.7433 2.8986 0.0083 
bias -0.1285 0.2392 -0.0190 -0.0102 0.0852 0.2076 0.2567 0.1014 -0.0083 
RMSE 0.4273 0.8079 0.0998 0.2397 0.2.T24 0.7548 0.8795 0.4404 0.3391 
SD ratio (1.6463 0.3701 0.7651 0.9504 0.5881 0.7292 14.0846 14.0072 14.4705 
(C6) Classical F;izf!:200 38 cases converge 
mean 0.9977 0.()5,'i5 0.4263 1.163-1 ().6n8(l I.Ui03 0.5180 2.8745 0.1975 
bias -0.0477 0.2446 -0.02fi3 -0.1634 -0.1580 -0.1603 (1.4820 0.1255 -0.1975 
RMSE 0.4646 0.9257 0.1287 0.3774 0.3936 1.0157 1.1330 0.6635 0.6316 
SD ratio 0.7151 0.8087 0.8935 0.9436 ().7(i89 0.7708 8.9374 8.6914 9.3608 
0 
Uesisn h'arameters 
~Qe ( i ’ i ) e . (4 ,4) e,(7，7) r； • 
true value O O O (OT^ O O O O ( T f e ~ 
(A6) Classical si7.e:2000 58 cases converge 
mean 0.4750 0.49fi2 0.49fi4 0.ri037 0.6002 0.4882 O.oOOO 0.4931 fixeA 
bias 0.0250 0,0038 0.00,% -0.0037 -0.1002 0.0118 0.0000 0.0069 
RMSE 0.0492 0.0221 0.(1194 0.02 Ki 0.2050 0.0389 0.0243 0.0263 
SD ratio 0.9780 1.0558 0.9074 1.0448 0.fin26 0.2659 1.0380 (1.9087 
(B6) Classical sizetriOfl 42 cases converge 
mean 0.4692 0.4796 0.4697 (1.4925 0.642-4 0.4643 0.4701 0.487fi fixed 
bias 0.0308 0.0204 0.0303 0.0075 -0.1424 0.0357 0.0299 0.0124 
RMSE 0.1016 0.0622 0.1013 O.OoOfl 0.1985 0.0895 0.1012 0.0489 
SD ratio 1.0725 1.1471 0.87_22 0.9853 0.1900 0.7839 1 (1.9149 
(C6) Classical si7:e:20fl 38 cases converge 
mean 0.4555 0.4556 0.4524 0.4545 0.6238 0.4533 (1.4762 0.4o75 fixeA 
bias 0.0445 0.0444 0.0476 0.0455 -0.1238 0.0467 0.0238 0.0425 
RMSE 0.1178 0.0779 0.0929 0.1297 0.3677 0.1023 0.0748 0.1128 
SD ratio 0.9103 0.8706 0.4026 0.9967 0.4526 1.0266 0.9042 1 .fl.ffi? 
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Table A. 13: Simulation Result of the Classical approach (A6, B6, C6) 
L'^sign h'arameters 
bn 571 <>51 <>61 <>63 
true value U l ^ 0770 ( m i 0775 (TTd ( m i ( m i (TKo ( m i (T^U“ 
(A7) SEM Rize:2000 110 cases converge 
mean 0.6471 0.7003 0.5987 0.7506 0.6981 0.7943 0.7996 0.8532 0.9019 0.1995 
bias 0.0029 -0.0003 0.0013 -0.0006 0.0019 0.0057 0.0004 -0.0032 -0.0019 0.0005 
RMSE 0.0347 0.0308 0.0242 0.0325 0.0228 0.0349 0.0231 0.0417 0.0239 0.0280 
SD ratio 1.0550 1.0482 1.0670 1.0465 1.0165 1.0488 1.0646 0.9844 0.9259 0.9887 
(B7) SEM si7e:50fl 104 cases converge 
mean 0.6588 0.7073 0.5941 0.7525 0.6974 0.8110 0.7923 0.8693 0.9046 0.1971 
bias -0.0088 -0.0073 0.0059 -0.0025 0.0026 -0.0110 0.0077 -0.0193 -0.0046 0.0029 
RMSE 0.0653 0.0593 0.0484 0.0643 0.0443 0.0560 0.0437 0.0907 0.0564 0.0558 
SD ratio 0.9663 1.0053 1.0481 1.0353 0.9835 0.8296 0.9572 1.0381 1.0931 0.9615 
(C7) SEM si7e:2flfl 91 cases converge 
mean 0.(5398 0.7011 0.5879 0.74 75 0.6934 0.8063 0.7855 0.8298 0.9174 0.1664 
bias 0.0102 -0.0011 0.0121 0.0026 0.0066 -0.063 0.0145 0.0202 -0.0174 0.0336 
RMSE 0.1066 0.1029 0.0719 0.1096 0.0840 0.1050 0.0768 0.1374 0.1001 0.1222 
SD ratio 1.0407 1.1140 1.0129 1.1191 1.1918 1.0074 1.0576 1.0622 1.213o 1.3591 
Design Parameters — 
Sn ^83 ^22 ^ 
true value O n O H O i l TTKl rToH HKl TOO i m i ~ 
(A7) SEM size:2000 110 cases converge 
mean 0.9518 0.2996 0.4005 1.0042 0.4929 0.9746 (1.9979 3.0069 5.0029 
bias -0.0018 0.0004 -0.0005 -0.0042 0.0(171 0.0254 0.0021 -0.0069 -0.0029 
RMSE 0.0245 0.0267 0.0238 0.0fi74 0.085-1 0.1917 0.1823 0.1214 0.1548 
SD ratio 0.9420 0.9878 1.0012 1.0914 I .OofiS 1.0699 1.0188 0.9825 0.9797 
(B7) SEM si7.f:5fl() 104 cases converge 
moan 0.9586 0.2971 0.4014 0.99fi4 0.4862 0.9o24 1.0088 3.002fi 4.9883 
bias -0.0086 0.0029 -0.0014 0.0fl3u 0.0138 0.0477 -0.0088 -0.0026 0.0117 
RMSE 0.0512 0.0544 0.0464 0.1391 0.1769 0.3822 0.3542 0.2518 0.3199 
SD ratio 0.9773 0.9814 0.9611 1.0689 1.06(19 1.0714 0.9814 0.98n8 0.9796 
(C7) SEM si7e:2flO 91 cases converge 
mean 0.9580 0.2740 0.3821 1.0192 fl.nnnfi 1.169f) 1.0597 2.9709 4.940.=) 
bias -0.0080 0.0260 0.0179 -0.0192 -O.OWi -0.0597 0.0291 0.0595 
RMSE 0.0934 O.I 149 0.0890 (1.1877 0.2711 0.5510 0.6514 0.442；^ 0.6078 
SD ratio 1.1317 1.3051 1.25(18 0.9693 1.1168 1.0198 1.2366 1.1970 1.2826 
Design h'arameters — 
true value O ( O ^ (DT^ O O O O ( O H ~ 
(A7) SEM si7.e:2000 110 cases converge 
mean 0.4985 0.5019 0.5025 0.4999 0.5112 0.4975 0.4992 0.5006 fixed 
bias 0.0015 -0.0019 -0.0025 0.0001 -0.0112 0.0(125 0.0008 -0.0006 
RMSE 0.0278 0.0201 0.0188 0.0178 0.0900 0.0180 (1.0184 0.0208 
SD ratio 1.0ri51 1.0826 0.963-1 ().8«88 1 .OZOo 0.8860 0.9199 0.992fi 
(B7) SEM si7.oi:onfl 104 cases converge 
mean (1. ‘丨 9:37 0.4984 0.49fi8 0.498；^ (1..19；¥) 0.4936 0.ri()2n 0.5037 fixeA 
bias 0.00fi;i 0.00 Hi 0.0032 0.0017 O.OflOl fl.OOfvl -0.0025 -0.0(137 
RMSE 0.0574 0.0369 0.0376 0.0427 O.KiOfi 0.0412 0.0403 0.0420 
SD ratio 1.0781 l.OOfi? 0.f)7fi9 1 .{1443 n.978'1 1.0108 0.9978 0.9990 
(C7) SEM si7e:200 91 cases converge 
mean 0.4858 0.5019 0.4969 0.4951 n.37:^7 0.4952 0.4965 0.5021 fixed 
bias 0.0142 -0.0019 0.0031 O.OOnO 0.1269 0.0048 0.0035 -0.0021 
RMSE 0.0904 0.0593 n.0529 0.0653 0.2767 0.0606 0.0fi79 (1.0739 
SD ratio 1.0698 1.0154 1.01 ir) 0.9595 0.93fi5 1.0741 1.1212 
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Table A. 13: Simulation Result of the Classical approach (A6, B6, C6) 
Design Parameters . , 
571 531 532 t>42 051 5 m 063 
true v a l u e — — U ^ 0770 U m UTTo U7tU ( m i O D ai?o ( m i 
(A7) Classical si7.e:2000 61 cases converge 
mean 0.6513 0.8684 0.5819 0.8805 0.6844 0.9389 0.7804 0.9091 1.0098 -0.0007 
bias -0.0013 -0.1684 0.0181 -0.1305 0.0156 -0.1389 0.0196 -0.0591 -0.1098 0.2007 
RMSE 0.0551 0.3872 0.0783 0.4462 0.0727 0.4007 0.0876 0.1270 0.2388 0.4234 
SD ratio 1.0128 0.7895 0.7054 0.9812 0.6993 0.8384 0.8144 0.7662 0.7600 0.7434 
(B7) Classical sizeiBOO 36 cases converge 
mean 0.fi541 0.8409 0.6152 0.8983 0.7372 0.9308 0.8213 0.90fi2 1.085 丨 - 0 . 1 1 3 1 
bias -0.0041 -0.1409 -0.0152 -0.1483 -0.0372 -0.1308 -0.0213 -0.0562 -0.1851 0.8131 
RMSE 0.1126 0.4738 0.2267 0.5280 0.3012 0.3153 0.2026 0.1589 0.4802 0.7331 
SD ratio 1.0105 0.9275 0.8154 0.9672 0.9556 0.6933 0.7867 0.7089 0.6505 0.5907 
fC7) Classical size:200 27 cases converge 
mean 0.5836 0.7297 0.6854 0.8234 0.8359 0.9012 0.9136 0.8379 0.9335 0.0081 
bias 0.0664 -0.0297 -0.0854 -0.0734 -0.1359 -0.1012 -0.1136 0.0121 -0.0335 0.1919 
RMSE 0.1998 0.3198 0.4342 0.3215 0.5897 0.2998 0.4899 0.1740 0.2800 0.6800 
SD ratio 1.2577 0.7607 0.8969 n.fi928 2.6985 0.679丨 0.8876 n.R171 0-7589 0-7328 
Uesign Parameters 
57l 573 ^83 (p3> 033 ^ A3 
true value O H (T^m liK) (ToD rUI] HUl J M O D " " " 
(A7) Claasical siz< :^2000 61 cases converge 
mean 1.0204 0.1817 0.4367 1.0305 0.4212 0.7398 3.8171 3.5821 4.4030 
bias -0.0704 0.1183 -0.0367 -0.0305 0.0788 0.2602 -2.8 丨 71 -0.5821 0.5970 
RMSE 0.1868 0.3172 0.0700 0.1731 0.2014 0.5846 3.7872 0.9401 0.9030 
SD ratio 0.9243 0.8639 0.7441 0.6664 0.8650 0.7672 32.320o 22.7510 33.7026 
(B7) Classical sizeioOO 36 cases converge 
mean 0.9519 0.2630 0.4519 1.0415 0.4568 0.8330 5.4112 4.017'2 4.4664 
bias -0.0019 0.0370 -(1.0519 -0.0415 0.0432 0.1670 -4.4112 -1.0172 fl.n336 
RMSE 0.1881 0.26(54 0.1059 0.2527 0.2643 0.7540 4.9546 1.3292 0.9143 
SD ratio 0.8428 0.6609 0.8703 0.9754 0.7o87 0.%16 16.3272 10.9415 12.4995 
(C7) Classical si7.e:200 27 cases converge 
mean 1.1027 -0.0338 0.4146 1.1115 0.fi‘273 0.9941 4.4763 4.0945 4.6604 
bias -0.1527 0.3338 -0.014fi -0.1115 -0.1273 0.0059 -3.4763 -1.0945 0.33% 
RMSE 0.8509 1.6828 0.1118 0.442‘l 0.412(1 0.7961 3.9101 1-6090 1.1190 
SD ratio 1.1822 1.1424 0.8634 1.2829 1 .n i2o 0.9035 7.4332 /.9392 8.894() 
0 
Design Jr'arameters 
-eUTTi) ^eM 仏(4,4) A 0 <=»-:!«，《) n 
true value fHi O O TTn O O O (Kn (MO 
(A7) Classical si7e:2000 61 cases converge 
nu^an 0.4657 0.4980 0.4979 0.4996 0.60-10 0.4902 0.4972 0.4876 fixed 
bias 0.0343 0.0020 0.0021 0.0004 -0.1040 0.0098 0-0028 0.0124 
RMSE 0.1319 0.0226 0.0227 0.0182 0.1839 0.0538 0.0238 0.0281 
SD ratio 0.7130 0.9163 1.0297 0.7874 0.4fi73 1.2379 0-9428 0.9005 
(B7) Classical 36 cases converge 
mean 0.4733 0.4768 0.4821 0.6193 0.4536 0.5033 0.4910 fixeA 
bias 0.0267 O.O.Sfil 0.0232 0.0179 -0.1193 0.0464 -0.0033 0.0090 
RMSE 0.0858 0.0926 fl.OTfil 0.0867 0.2367 0.1171 0.0454 0.0492 
SD ratio 0.9012 1.4253 1.1<S<S3 1.3267 0.3432 0.fi7fi2 0.952fi 0-9233 
" ( C 7 ) Classical si7.fi:200 27 cases converge 
mean 0.4586 0.4826 (1.4852 0.4710 0.60 丨 1 0.4(592 0.4o34 0.4727 fixed 
bias 0.0414 0.0174 0.01-18 0.028o -0.1011 0.03(18 0.04fiG 0.0273 
FIMSE 0.1310 0.0538 O.OoKS 0.0799 0.2-16n 0.0857 ().丨‘丨 0.1015 
SD ratio 0.9597 0.6883 fl.69<S1 0.93:^9 0.4727 0.8711 I .OfiOO l.lfiOO 
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Table A. 13: Simulation Result of the Classical approach (A6, B6, C6) 
DesI^ Parameters 
57； 632 t>ji O51 061 063 
true valiip UJ^ [TTO (IIW 0773 0770 (m i OTl O o O i l 
(AS) SEM size:2000 110 cases converge 
mean 0.6545 0.7008 0.6009 0.7486 0.7010 0.8018 0.7996 0.8511 0.9013 0.1966 
bias -0.0045 -0.0008 -0.0009 0.(1014 -0.0010 -0.0018 0.0004 -0.0011 -0.0013 0.0034 
RMSE 0.0379 0.0303 0.0118 0.0393 0.0143 0.0351 0.0134 0.0532 0.0198 0.0384 
SD ratio 1.1128 0.9835 0.9697 1.1995 1.1355 1.0097 1.0264 l.lfllO 0.992o 0.9911 
(B8) SEM Ri7.e:5fl0 102 cases converge 
mean 0.6492 0.6962 0.5993 0.7458 0.7010 0.8009 0.7976 0.8374 0.9033 0.1814 
bias 0.0088 0.0038 0.0007 0.0042 -0.0010 -0.0009 0.0024 0.0126 -0.0033 0.0186 
RMSE 0.0694 0.0681 0.0254 0.0651 0.0263 0.0704 0.0255 0.1028 0.0412 0.0926 
SD ratio 1.0073 1.0956 1.0192 0.9831 1.0288 1.0016 0.9582 1.0802 1.0096 1.1234 
(C8) SEM Ri7.e;200 91 cases converge 
mean 0.6377 0.7049 0.5899 0.7475 0.6944 0.8070 0.7891 0.7964 0.9114 0.1688 
bias 0.0123 -0.0049 0.0101 0.0025 0.0056 -0.0070 0.0109 0.0536 -0.0114 0.0312 
RMSE 0.1103 0.0947 0.0496 0.1150 0.0582 0.1081 0.0505 0.1827 fl.0690 0.1505 
SD ratio 0.9941 0.9393 1.1168 1.0752 1.2662 0.9411 1.0493 1.2160 1.0316 1-1439 
Uesign Parameters 
Wl 583 <p33 Al A> A3 
true value 0115 (THd (T I^l VM 01511 TIK] nUl J W (HITl~ 
(A8) SEM si7e:20fl0 HO cases converge 
mean 0.9521 0.3018 0.4023 0.9951 0.4990 1.0130 1.0067 2.9909 -0.0045 
bias -0.0021 -0.0018 -0.0023 0.0049 0.0010 -0.(1130 -0.0067 0.009 丨 0.004, 
RMSE 0.0191 0.0420 0.0482 0.0692 0.0875 0.2484 0.0444 0.0588 0.0819 
SD ratio 0.9911 1.0117 1.1117 1.0814 0.9972 1.102-1 1.0970 1.0945 1.0596 
(B8) SEM Rizo:500 102 cases converge 
mpan 0.9484 0.2880 0.3915 1 .OOBfi 0.5027 1.0820 1.0055 2.9956 0.0100 
bias 0.0016 0.0120 0.0086 -0.0086 -0.0027 -0.0820 -0.0055 0.0044 -0.0100 
RMSE 0.0341 0.084fi 0.0970 0.1274 0.1699 0.4968 0.0913 0.1217 0.1720 
SD ratio 0.8680 0.9923 1.1479 0.9775 0.9872 1.0578 1.078.=) 1.08fi4 1.1042 
(C8) SEM si7e:200 91 cases converge 
mean 0.9621 0.2715 0.3788 1.0229 0.5547 1.4331 1.0337 2.9953 -0.0010 
bias -0.0121 0.0285 0.0212 -0.0229 -fl.0o47 -0.4331 -0.0337 0.0047 0.0010 
RMSE 0.0661 0.1543 0.1575 0.1848 0.2878 1.1584 0.2112 0.2236 0.3459 
SD ratio 1.0099 1.1732 1.3006 0.8091 1.073n 1.1962 1.458-1 1.1628 1 -3800 
Upsiaii Parameters 
. -eiTIJ) … ， • 力 化 � ( 4 , 4 ) 礼 < = 4 仏 < " ! ) ^eUJ) rj— 
true valuf； (H； O (Hi (HJ O O CO) (TTU] 
(A8) SEM si7e:2000 110 cases converge 
mean 0.5009 0.4983 0.5009 0.5007 0.4834 0.5020 0.5003 0.4993 fixed 
bias -0.0009 0.0017 -0.0009 -0.0007 0.0166 -0.0020 -0.0003 0.0007 
RMSE 0.0222 0.0194 0.0198 0.0174 0.1382 0.0190 0.0196 0.020-1 
SD ratio 0.9�01 1.0571 1.0298 0.8526 1.丨 702 0.9323 0.9897 0.9607 
(B8) SEM si7,e:500 104 cases converge 
mean 0.4944 0.4975 0.4981 0.4971 0.4086 0.4959 0.4998 0.5025 fixed 
bias 0.0056 0.0025 0.0019 (1.0029 0.09 lo 0.0041 0.CKKV2 -fl.002o 
RMSE 0.0475 0.0347 0.0317 0.040'2 0.3012 0.0347 0.0396 fl.0:W‘2 
SD ratio 0.9684 0.9492 0.8259 0.9878 1.0889 0.84S3 0.9943 0.9117 
(C8) SEM si7O:200 91 cases converge 
mean 0.4912 0.4920 0.4920 0.4977 0.1470 fl.49na 0.4848 0.492：^ fixed 
bias 0.0088 0.0080 0.0080 0.0023 0.3530 0.0045 0.0152 0.0077 
RMSE 0.079� fl.0r)99 0.0G28 0.0702 0.8280 fl.Ofiflfi 0.0570 0.0652 
SD ratio 0.9787 1.03G6 1.0349 1.09.2(1 1.171Ci fl.93n1 0.8676 0.9710 
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Table A. 13: Simulation Result of the Classical approach (A6, B6, C6) 
Ufisign Parameters 
5Tl Wl W2 Wl t)3:2 bjl (}42 feSl b63 
tnie value OXT； 07^ (HRl 0773 (TTO (OT O H O n (m] (T^D~ 
(A8) Classical size:2000 56 cases converge 
mean O.fiMO 0.8026 0.5893 0.8514 (1.6855 0.9100 0.7850 0.8898 1.0713 -0.1470 
bias -0.0040 -0.1026 0.0107 -0.1014 0.0145 -0.1100 0.0150 -0.0398 -0.1713 0 3470 
RMSE 0.0585 0.2216 0.0772 0.2421 0.0795 0.2539 0.0864 0.1329 0.4816 1.1586 
SD ratio 0.9882 0.9716 1.0224 1.0335 1.0498 1.0402 1.0725 0.6804 1.0120 1.180fi 
(B8) Classical Ri7e:500 45 cases converge 
mean 0.6529 0.8203 0.5871 0.8407 0.7305 1.0464 0.8100 0.9051 I . IOM -0.2077 
bias -0.0029 -0.1203 0.0129 -0.0907 -0.0305 -0.2464 -0.0100 -0.0551 -0.2053 0.4077 
RMSE 0.1193 0.3972 0.1237 0.3189 0.1414 0.8191 0.2035 0.1399 0.7466 1.3626 
SD ratio 1.1382 0.7779 O.fiOO! 0.fi978 0.7493 0.8521 0.6654 0.8432 0.5848 0.6211 
(C8) Classical si7.e:200 40 cases converge 
mean 0.5944 0.8152 0.5959 0.8454 0.6865 0.8089 0.7886 0.8569 1.0742 -0.2381 
bias 0.0556 -0.1152 0.0041 -0.0954 0.0135 -0.0089 0.0114 -0.0069 -0.1742 0.4381 
RMSE 0.1907 0.4994 0.3278 0.4249 0.2062 0.9099 0.3150 0.1498 0.7233 1.5716 
SD ratio 1.1787 0.5606 0.6879 0.6819 0.7260 0.7519 0.6439 0-7302 0.6159 0.6517 
Uesign l^arameters 
^71 ^ i i 033 A 2 A3 
true value ( T ^ O O (RTl HTO (m i TTRl OKI m m O d ~ 
(A8) Classical si7,e:20n0 56 cases converge 
mean 0.9786 0.2493 0.4391 1.0043 0.4480 0.8500 0.7453 2.9415 0.0081 
bias -0.0286 0.0507 -0.0391 -0.(1043 0.0520 0.1500 (1.2547 0.0585 -0.0081 
RMSE 0.1177 0.2028 0.0839 0.1358 0.2001 O.fi39o 0.7885 0.3659 0.2069 
SD ratio 0.9108 0.8546 0.9024 0.9271 ().7221 0.0767 34.7787 39.4444 3fi.fl773 
(B8) Classical size:5fl0 45 cases converge 
mean 0.9878 0.2025 0.4280 1.0187 0.4046 0.6497 0.7382 2.9472 0.073fi 
bias -0.0378 0.0975 -0.0280 -0.0187 0.0954 0.3503 0.2618 0.0528 -0.0736 
RMSE 0.3538 0.6340 0.0992 0.2703 0.2510 0.57(il 1.0853 0.4985 0.3706 
SD ratio 0.7690 0.9425 0.9041 1.0825 0.8fi73 0.7339 18.19.51 15.9200 丨;5.5793 
{C8) Classical si7.e:200 40 cases converge 
moan 丨.0516 0.0731 0.4086 1.081-4 0.4821 0.9257 0.6514 2.8330 -0.0178 
bias -0.1016 0.2269 -fl.OOSfi -fl.0814 0.0179 0.0743 0.3486 0.1670 0.0178 
RMSE 0.4367 0.7953 0.1630 0.322<J 0.318n 0.518n 1.2n76 0.8275 0.6158 
SD ratio (1.577� （).「)52丨 1.2042 0.8792 0.8899 0.5892 9.3991 10-3474 9.9909 
Uesien Farametfirs “ “ 
- ^ . ( 1 , 1 ) e.c^'i) eaa.,：^) ee(4,4) ea^：^；) r； _ 
true value 0 3 O O (UT^ O ( O O (TlTi~ 
(A8) Classical si7,fi:2000 56 cases converge 
mean 0.4799 0.4961 0.5000 0.4999 0.5770 0.4833 0.5024 0.4892 fixeA 
bias 0.0201 0.0039 0.0000 0.0001 -0.0770 0.0167 -0.0024 0.0108 
RMSE 0.0734 0.0226 0.0245 0.0176 0.2051 0.0605 0.0230 0.0273 
SD ratio 1.2253 1.1106 1.1355 (1.7641 (1.3991 0.9378 0.9899 0.9542 
(B8) Classical si7,e:500 45 cases converge 
moan 0.45-49 0.4768 0.4750 0/1753 0.6177 0.4524 0.4844 0.4844 fixed 
bias 0.0451 0.0232 0.0250 0.02-17 -0.1177 0.0476 O.Olofi 0.0106 
RMSE 0.1363 n.05()4 0.0701 0.0778 0.2118 0.1314 0.0610 0.0604 
SD ratio 1.2578 0.9318 t .0032 1.0278 0.5853 0.4857 1.0985 1.085-1 
(C8) Classical si7.0:200 40 cases converge 
mfian 0.4385 0.4325 0.4655 0.46.% 0.5713 0.4693 0.4688 0.4619 fixed 
bias 0.0615 0.0675 0.0345 0.0364 -0.0713 0.0307 0.0312 0.0381 
RMSE 0.1693 0.1177 0.0810 (1.1128 0.2270 0.1384 0.0650 0.(1905 
SD ratio 1.0526 0.7422 0.9491 1.2328 0.4161 1.0430 0.7025 0.9890 
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Table A. 13: Simulation Result of the Classical approach (A6, B6, C6) 
Design Parameters 
^ n hi 022 031 032 041 042 O51 ^61 &63 
true value WJ^ 0770 0151] (TTS (TTO WM ni?n (HfO O D ^ 
(A9) SEM si7e:2000 109 cases converge 
mean 0.6552 0.7025 0.5991 0.7521 0.6995 0.8028 0.7998 0.8555 0.9014 0.1979 
bias -0.0052 -0.0025 0.0009 -0.0021 0.0005 -0.0028 0.0002 -O.OOon -0.0014 0.0021 
RMSE 0.0414 0.0282 (1.0186 0.0341 0.0176 0.0347 0.0177 0.0407 0.0252 0.0227 
SD ratio 1.1 丨 13 0.9677 1.0342 1.0902 a.9868 1.0268 0.9965 0.9484 1.0493 0.9954 
(B9) SEM si7e:500 99 cases converge 
mean 0.6383 0.6979 0.5967 0.7413 0.7004 0.7921 0.7974 0.8332 0.9090 0.1936 
bias 0.0117 0.0021 0.0033 0.0087 -0.0004 0.0079 0.0026 0.0168 -0.0090 0.0064 
RMSE 0.0671 0.0532 0.0350 0.0626 0.0337 0.0fi69 0.0352 0.0760 0.0493 0.0436 
SD ratio 0.9035 0.9098 0.9935 0.9871 0.9754 0.9844 1.0183 0.8855 1.0132 0.9811 
fC9 l SEM si7,e:2flfl 79 cases converge 
mean 0.6413 0.6938 0.5921 0.7535 0.6900 0.7881 0.7923 0.8071 0.9186 0.1831 
bias 0.0087 0.0062 0.0079 -0.0035 0.0100 0.0119 0.0077 0.0429 -0.0186 0.0169 
RMSE 0.0899 0.0774 fl.flo52 0.1026 0.0574 0.0921 0.0536 0.1177 0.0741 0.071 n 
SD ratio 0.7829 0.8310 1.0329 丨.0214 1.0293 0.8467 1.0050 0.8488 0.963(1 1.0372 
Design Parameters — 
<)71 b73 0S3 <p2-2 0Z1 <P33 /兄. 
true value (I：^； O O (RD TTID (TIKI TUn TTKl XTRl 0 0 
(A9) SEM Ri7.6:2000 109 cases converge 
mean 0.9507 0.2984 0.3986 0.9898 -0.0141 0.9764 1.0072 2.9919 4.9842 
bias -0.0(1(17 0.001 fi 0.0014 0.0102 (1.0141 0.0236 -0.0072 0.0081 0.0158 
RMSE 0.0237 0.0211 0.0196 0.0754 0.0767 0.1758 0.1393 0.0940 0.1214 
SD ratio 0.9879 0.96% 1.(1042 0.9679 0.9421 0.9245 0.9854 丨.0049 0.9681 
(B9) SEM si7.e:500 99 cases converge 
mean 0.9452 0.2852 0.3957 1.0365 0.0265 1.0876 1.0140 2.9957 5.0015 
bias 0.0048 0.0048 0.0043 -0.0365 -0.0265 -0.0876 -0.0140 0.0043 -0.0015 
RMSE 0.0499 0.0429 0.0351 0.1403 0.1387 0.3186 0.2711 0.1706 0.2563 
SD ratio 1.0292 1.0259 0.9288 0.9129 0.8795 0.8373 0.990fi 0.9357 1.0633 
(C9) SEM Ri7e:200 79 cases converge 
mean 0.9647 0.2837 O..W1I 1.0603 0.1130 1.2977 1.0182 2.9954 5.0114 
bias -0.0147 0.0163 0.0139 -0.0603 -0.1130 -0.2977 -0.0182 0.0047 -0.0114 
RMSE 0.0734 0.0708 0.0«37 0.19:W 0.2262 0.5936 0.4949 0.3468 0.4191 
SD ratio (1.9390 1.0587 1.0860 0.8283 0.8327 0.91 fi6 丨 .U92 丨.丨 177 丨.0880 
Design Parameters 一 
i^A^,^) 朽 ） 叫 ? < ’ ? < ) r ( 
true value O (TT； (Tn (Ui O TT^  HTo (T^ nUo 
(A9) SEM si7e:2000 109 cases converge 
mean 0.5028 0.5009 0.4982 O.oOOG 0.5101 0.5023 0.500；^ 0.5004 fixed 
bias -0.0028 -0.0009 (1.0018 -0.0006 -0.0101 -0.0023 -(1.0003 -0.0004 
RMSE 0.0271 0.0202 0.0180 0.0208 0.0822 0.0200 0.0194 0.0222 
SD ratio 1.0270 1.0840 (1.9390 0.9894 0.9253 1.0054 0.9903 1.047fi 
(B9) SEM s i z e 遞 99 cases converge 
mean 0.4895 0.5038 0.5000 0.4968 (1.4521 0.4939 0.5027 0.o058 fixed 
bias 0.0105 -0.0038 O.OflOl n.0032 0.0479 0.0061 -0.0027 -0.0058 
RMSE 0.(1570 0.0328 0.0429 0.0429 0.170(5 fl.O-lnO 0.0389 0.0381 
SD ratio 1.0809 0.8701 1.0942 1.0209 0.9347 丨.1274 0.98n0 n.882(i 
(C9) SEM size:20fl 79 cases converge 
moan 0.4802 0.4955 0.5123 0.4961 0.3628 0.4760 0.-4941 0.5051 fixed 
bias 0.0198 0.0045 -0.0123 0.00；^ 0.1372 0.0240 O.OOfin -O.Oflnl 
RMSE 0.0839 0.0573 0.0634 0.0643 0.2766 0.0637 0.0657 0.06% 
SD ratio 1.0010 0.9814 (1.9860 0.9788 0.R4R0 0.9641 1.0068 丨.0414 
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Table A. 13: Simulation Result of the Classical approach (A6, B6, C6) 
•Jesign Parameters 
Fn 521 522 531 632 tMi &42 Osi <>61 <>63 
true value OTHi DTTD (TTTIO 0773 ( 00 ( m i ( m i (Tl?o Ol^I 0720~ 
(A9) Classical size:200fl 54 cases converge 
mean 0.6995 0.7848 0.5325 0.8233 0.6453 0.9224 0.7037 0.8614 1.1216 -0.0551 
bias -0.0195 -0.0848 0.0675 -0.0733 0.0547 -0.1224 0.0963 -0.0114 -0.2216 0.2551 
RMSE 0.0817 0.4168 0.3fi09 0.4343 0.4063 0.4041 0.3416 0.0948 0.8012 0.8734 
SD ratio 1.0982 0.9062 0.9404 1.0058 1.1088 0.9330 0.9613 0.7300 0.7274 0.7123 
(B9) Classical sizerSOfl 27 cases converge 
mean 0.6849 1.0304 0.3718 1.2960 0.3132 0.8931 0.7291 0.8795 1.399i=i -0.3528 
bias -0.0349 -0.3304 0.2282 -0.5460 0.3868 -0.0931 0.0709 -0.0295 -0.4995 0.5528 
RMSE 0.0934 0.8512 0.6072 1.4277 0.9782 0.5678 0.4365 0.0943 1.7881 2.0665 
SD ratio 0.7880 0.2635 0.2771 0.2593 0.2596 0.3638 0.3943 0.9371 0.4353 0.4052 
(C9) Classical si7e:200 32 cases converge 
mean 0.6286 0.4995 0.7833 0.5638 0.7883 0.8486 0.6512 0.8038 0.9887 0.0925 
bias 0.0214 0.2005 -0.1833 0.1862 -0.0883 -0.0486 0.1488 0.0462 -0.0887 0.1075 
RMSE 0.1755 1.4372 1.0556 1.0771 0.8090 1.7981 1.6533 0.2153 1.2653 1.5983 
SD ratio 0.R537 (1.4841 0.5156 0.4833 0 . 4 c S 6 7 0.5306 0.6026 0.8626 0.5477 0.6227 
Uesign Parameters 
5n 573 583 ^22 ^ Ao 
true value (TUJi O H 0：?(1 TUD ( m i TIKI TTTO m i m i ~ 
(A9) Classical Ri7.e:2000 54 cases converge 
mean 0.9296 0.3228 0.4075 1.0066 -0.0496 0.9332 4.9276 3.6584 4.5863 
bias 0.0204 -0.0228 -0.0075 -O.OOfifi 0.0496 0.0668 -3.9276 -0.6584 0.4137 
RMSE 0.2222 0.2374 0.0540 0.2283 0.1756 0.4565 4.9000 1.0794 0.8600 
SD ratio 1.0472 1.014.") 0.8982 0.3365 0.8257 0.71 ofi 3： .^6966 21.8096 2o.7436 
(B9) Classical .size:50fl 27 cases converge 
mean 0.9204 0.3815 0.4497 1.009「） -0.0.% 1 0.8690 6.7528 4.28nl 4.7078 
bias 0.0296 -0.081 fi -0.0497 -0.0095 0.(1恥丨 fU310 -5.7528 -1.2851 0.2922 
RMSE 0.7693 0.9850 0.0835 0.2073 fl.177:1 (1.3612 (i.0fi94 1.5318 1.0016 
SD ratio 0.3066 0.3002 0.91 M 0.7335 0.94-lo 0.9413 11.19n7 8.7792 12.1742 
(C9) Classical ai7.e:2fl0 32 cases converge 
mean 1.1812 -0.0340 0.4155 1.0889 0.0818 1.0776 ri.8o70 4.4086 5.1283 
bias -0.2312 0.3340 -0.0155 -0.0889 -0.0813 -0.0776 -4.8570 -1.4086 -0.1283 
RMSE 1.9619 2.9353 0.1211 0.3674 0.344o 0.7337 5.4914 2.6004 2.1606 
SD ratio 0.5432 1.72(16 0.8721 0.9888 1.0198 1.2072 10.1131 12.7621 15.0813 
Design Farametfirs " 
ea^i：^) <^.(4,4) 8) r , — 
trw. value TO； ( O O (U) 0 O O O ( U l n ~ 
(A9) Classical size：2000 54 cases converge 
mean 0.4474 0.4897 0.49-17 0.4937 0.540(1 0.4852 0.4975 0.4930 fixeA 
bias 0.0526 0.(1103 0.0053 fl.OOfi：^ -0.0406 0.0148 0.0025 0.0070 
RMSE 0.2094 0.0248 0.0215 0.0302 O.lfiOO 0.0593 0.fl253 0.029；} 
SD ratio 0.3498 0.7994 0.9381 1.1353 0.4712 0.4840 0.9944 丨 
(B9) Classical size:500 27 cases converge 
mean 0.4321 0.4813 0.4726 0.4850 0.5994 0.476fi 0.4769 0.484-1 fixed 
bias 0.0679 0.0187 0.0274 0.0150 -0.0994 0.0234 0.0231 0.01 nfi 
RMSE 0.1519 0.0447 0.0860 O.floOfi 0.1799 0.0954 0.0740 0.0489 
SD ratio 0.8092 0.71fi0 1.0865 0.9220 1.0108 1.02ol 1.1084 0.9353 
(C9) Classical si7e:200 32 cases converge 
mean 0.4598 0.4594 0.4567 0.4-161 O.fi'ifil (1.4-14 丨 0.4:_I89 (1.4883 fixeA 
bias 0.0402 0.040(i 0.0433 n.0539 -(1.l2(il 0.05；^ 丨 0.0117 
RMSE 0.1603 0.1158 0 . 1 0 . 1 1 2 0 0.2920 0.1318 0.1346 0.0772 
SD ratio 1.1134 1.0943 1.2135 0.8419 1.17:37 0.9fi-t8 1.1294 (1.4004 
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Table A. 13: Simulation Result of the Classical approach (A6 , B 6 , C6 ) 
Uesign Paramecers ~ 
577 Ei^ 531 032 tMl b42 b5\ t)61 t)63 
true value U m (TTd UW 0775 (TTd O H O H (TK^ O D 
(A lO ) SEM size:2000 105 cases converge 
mean 0.6453 0.6931 0.6028 0.7441 0.7012 0.7930 0.8016 0.8399 0.8988 0.1985 
bias 0.0047 0.0069 -0.0028 Q.0Q59 -0.0012 0.0070 -0.0016 0.0101 0.0012 0.0015 
RMSE 0.0452 0.0372 0.0123 0.0445 0.0128 0.0445 0.0123 0.0519 0.0201 0.0386 
SD ratio 0.9900 1.0002 1.0541 1.1076 1.0903 1.0180 1.0029 1.0417 1.0620 1.0563 
fB lO l SEM si7.e:500 88 cases converge 
mean 0.6333 0.6827 0.6015 0.7359 0.6992 0.7939 0.7965 0.8171 0.9043 0.1742 
bias 0.0167 0.0171 -0.0015 0.0141 0.0008 0.0061 0.0035 0.0329 -0.0043 0.0258 
RMSE 0.0874 0.0813 0.0229 0.0866 0.0227 0.0852 0.0217 0.1034 0.0397 0.0863 
SD ratio 0.9891 1.11M 1.0158 1.1036 0.9978 1.0153 0.8926 丨 1 . 0 5 1 8 1.1535 
(C IO ) SEM size:200 77 cases converge 
mean 0.5985 0.6932 0.6049 0.7216 0.7109 0.7688 0.8006 0.7350 0.9117 0.1485 
bias 0.0516 0.0069 -0.0049 0.0284 -0.0109 0.0312 -0.0006 0.1150 -0.0117 0.0515 
RMSE 0.1417 0.1275 0.0413 0.1308 0.0354 0.1471 0.0364 0.1763 0.0596 0.1146 
SD ratio 1.1381 1.1321 0.8716 0.8624 0.8043 1.1140 0.6026 1.2938 丨.0759 1.2870 
Design i-^arameters 
» STI 573 Sii (/)3.) 033 A 2 
true value O o (TTO OTT TW (17111 OKI Vm T m (HKT 
(A lO ) SEM size:2000 105 cases converge 
mean 0.9496 0.2%2 0.3937 1 .OOoo 0.0172 1.(1490 0.9972 3.0018 0.0090 
bias 0.0004 0.0038 0.0063 -0.0055 -0.0172 -0.0490 0.0028 -0.0018 -0.0090 
RMSE 0.0204 0.0439 0.0486 0.0798 0.0948 0.2540 0.0364 0.063n 0.0729 
SD ratio 1.1202 1.0971 1.1280 0.9fi75 0.9972 1.0436 0.9288 0.9978 0.9443 
(B IO) SEM fii7.e:5fl0 88 cases converge 
mean 0.9551 0.2721 0.3753 1.0325 0.0462 1.2151 0.9900 3.0146 0.0250 
bias -0.0051 0.0279 0.0247 -0.0325 -0.0462 -0.2151 -0.0100 -0.014fi -0.0250 
RMSE 0.0402 0.0889 0.0795 0.1483 0.1fi92 0.5577 0.0763 0.1139 0.1427 
SD ratio 1.0816 1.0259 0.9407 0.9442 0.9628 1.0604 1.0132 0.9378 0.9853 
(C IO ) SEM sij^e:20n 77 cases converge 
mean 0.9577 0.2981 0.3455 1.0637 0.1593 1.6228 0.9720 3.0146 0.0843 
bias -0.0076 0.0019 0.0545 -0.0637 -0.1593 -0.6228 0.0280 -0.0146 -0.0843 
RMSE (1.0607 0.1334 0.12-!7 0.2137 0.3031 1.2993 0.1119 0.1947 0.2342 
SD ratio 0.8651 1.3922 1.2235 n.8824 n.9837 1.1215 0-9146 丨.0493 0-9844 
Design Parameters 
• w u ) e .CA-^ ) 仏 ( : • > , : ” e , ( 4 , 4 ) 礼 ( ’ v s ) udfi，⑴ 卞 ’ … r j — 
true value (13 O (To (Di O (1775 H：^  ^ ^ 
(A lO ) SEM size:20fl0 105 cases converge 
mean 0.5000 0.4996 ().n009 0.5019 ().4fi78 0.4963 0.4995 fl.4997 fixed 
bias 0.0000 fl.n()04 -0.0009 -0.0019 0.0:V22 0.00：^： fl.OOOo 0.0003 
RMSE 0.0236 0.0194 0.0175 0.0208 (l.Hfil 0.0201 0.0200 n.02-17 
SD ratio 0.9622 1.0492 0.892-1 0.99:V=) 1.11-14 0.9892 1.0193 1.08",-I 
(B IO) SEM si7.e:5()0 88 cases converge 
mean 0.4907 (U9r)7 0.4981 0.4934 0.3459 0.o0r2 0.4963 0.5048 fixed 
bias 0.0093 0.0043 0.0019 O.Oflfifi 0.1541 -0.0012 0.0037 -0.0048 
RMSE 0.0480 (1.0356 0.0409 (Ufilfi 0.0-140 0.0382 0.0488 
SD ratio 0.9715 0,9629 0.91 fiO 0.9819 1.125-1 1.0926 0-9686 1.0631 
(C IO) SEM size:200 77 cases converge 
mean 0.4848 0.4921 0.4951 0.4867 0.096；^ 0.4828 0.4925 0.5036 fixeA 
bias 0.0152 0.0079 0.0049 0.0133 0.4037 0.0172 0.0075 -0.00:讯 
RMSE 0.0893 O.OnfiO 0.0693 0.0654 1.0248 O.OnnO 0.0651 0.0710 
SD ratio 1.1644 0.9586 1.1329 0.9957 1.2851 n.843fi 1 .(V207 0.9750 
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Table A.21: Simulation Result of the Classical approach (AlO, BIO, CIO) 
UfiSign Parameters 
5ll ！J2I 522 531 b32 &41 <'42 <>61 >^63 
true value U m (TTI] O H (TTo (TTH OTl (THO (TRn O D (T^ 
(A lO) Classical Ri7.e:2000 48 cases converge 
mean fl.fifilfi 0.8158 0.5209 0.9606 0.5309 1.0569 O.fiOlO 0.8779 1.1281 -0.1592 
bias -0.0116 -0.1158 0.0791 -0.2106 0.1691 -0.2569 0.1990 -0.0279 -0.3181 0.3592 
RMSE 0.0631 0.7531 0.5897 0.4544 0.3fi23 0.6570 0.5269 0.0680 0.8342 0.9288 
SD ratio 0.8923 0.6345 0.6265 0.6866 0.6986 0.6546 0.6627 0.6393 0.4740 0.4692 
(BIO) Classical si7.e:500 41 cases converge 
mean 0.6549 0.8360 0.4836 0.9939 0.5029 0.8888 0.7465 0.8552 1.1476 -0.1035 
bias -0.0049 -0.1360 0.1164 -0.2439 0.197 丨 -0.0888 0.0535 -0.0052 -0.2476 0.3035 
RMSE 0.1229 0.7497 0.5910 1.0602 0.7791 1.9380 1.3728 0.1206 0.7587 0.8986 
SD ratio 0.8724 0.7037 0.7399 0.6983 0.6943 0.5666 fl.ri6o9 0.7465 0.543fi 0.5535 
(CIO) Classical si7e:200 41 cases converge 
mean 0.6872 0.8845 0.4192 丨.0079 0.5216 0.8880 0.6995 0.7757 1.0225 0.0207 
bias -0.0372 -0.1845 0.1808 -0.2579 0.1784 -0.0880 0.1 OOo 0.0743 -0.1225 0.1793 
RMSE 0.1557 1.2999 1.2710 1.0M2 0.7122 0.7127 0.6376 0.2059 0.5633 0.7426 
SD ratio 0.8619 0.7o83 0.8799 0.6019 0.58G3 0.683R 0.7654 0.RR03 0.5761 0-7311 
Uesign l-'arameters 
Syi 573 583 ^22 ^ 3 2 0 3 3 Al 入 2 入 3 一 
true value O n ( 0 0 U M TTKJ (HKl riKl TTKl : m i (HlTl 
(A lO) Classical size:2000 48 cases converge 
mean 1.0846 0.1405 0.4124 0.9929 -0.0550 0.8421 1.6279 3.0450 -0.1457 
bias -0.1346 0.1595 -0.0124 0.0071 0.0550 0.1579 -0.6279 -0.0450 0.1457 
RMSE 0.5258 0.6033 0.0571 0.1380 0.1278 0.8336 0.9299 0.2983 0-2578 
SD ratio 0.5561 (1.55315 1.0650 0.5101 0.6761 0.67fi0 34.7890 33.4869 32.8361 
(BIO) Classical .si7e:50fl 41 cases converge 
rnfian 0.9337 0.291 fi 0.4045 1.0238 -0.0008 0.9244 1.8687 3.1465 -0.0486 
bias 0.0163 0.0084 -0.0045 -0.0238 0.0008 0.0756 -0.8687 -0.1465 0.0486 
RMSE 0.2974 (1.3031 0.0764 0.2701 0.2nS3 0.3672 1.1555 0.4602 0.3658 
SD ratio 0.7415 0.fi982 0.8767 0.9991 0.9474 0.6256 14.丨331 15.1847 16.7712 
(CIO) Classical size:200 41 cases converge 
mean 0.9827 0.3060 0.4276 1.0280 0.0fi79 1.2893 1.704fi 2.9206 -0.0289 
bias -0.0327 -0.0060 -0.fl27(i -0.0280 -0.0fi79 -0.2893 -0.7046 0.0794 0.0289 
RMSE 0.5417 0.6326 0.0949 0.3102 0.3rv2fi 0.8189 丨.67,72 0.8426 0.5803 
SD ratio 0.5819 0.561G 0.7859 0.8854 0.9714 0.7900 丨:U(17‘2 丨3.3918 9.4562 
Uesiffti Parameters "“ ^ i l l ^ I Z I I ^ I Z I Z Z I I I Z I Z Z I Z Z Z I Z Z I I 
e , ( i j ) e.c^.'^) e , ( • ' ' > , 化 ( 6 ， … r ( 
true value ( O (T^ O O ( O UH 
(AlO) Classical si7.e:2000 48 cases converge 
mean 0.4fi45 0.4928 0.4956 0.4976 0.5538 0.4721 0.4987 0.4921 fixeA 
bias 0.0355 0.0072 0.0044 0.0024 -0.0538 0.0279 0.0013 0.0079 
RMSE 0.1166 0.0203 0.0267 0.0272 0.1532 0.0720 0.0258 0.0280 
SD ratio 0.6315 0.8747 1.0394 1.0831 0.726fi 0.4598 l.lOOfi 0.9481 
(BIO) Classical si7,e:500 41 cases converge 
mean 0.4865 0.4719 0.4801 0.4772 0.5358 0.4768 0.4807 0.4747 fixed 
bias 0.0135 0.0281 0.0199 0.0228 -0.0358 0.0232 0.0193 0.0253 
RMSE 0.0852 0.0774 0.0590 0.0515 0.1480 0.1029 0.0422 0.0936 
SD ratio 1.0997 1.2501 0.9792 0.1803 0.0309 0.5236 0.8228 0.9746 
(CIO) Classical size：200 41 cases converge 
ineaii 0.4 7n3 0.4484 0.4742 0.4580 0.5251 0.4(i22 0.43.沾 0.4847 fixed 
bias 0.0247 O.Oril? 0.0258 0.0420 -0.02nl 0.(1378 0.0(545 ().(H53 
RMSE 0.1480 0.1112 0.1027 0.0887 0.2320 0.0939 0.1490 0.1140 
SD ratio 丨.17(12 0.9836 0.1416 0.9081 0.4300 0.9599 1.2298 丨.I(i3.4 
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Table A.22: Simulation Result of the SEM approach (All , B l l , C l l ) 
U^isign h^arameters 
&11 ^21 t)22 &31 ft32 b4l 642 . t>51 <>61 <>63 — 
true value OTi ( nD i m i (TTS fTTD (TWl ( m i O n rTWl O T " 
( A l l ) SEM .si/e:2000 107 cases converge 
mean 0.6511 0.7030 (1.5993 0.7565 0.6979 0.8041 0.7984 0.8458 0.9003 0.1986 
bias -0.0011 -0.0030 0.0007 -0.0065 0.0021 -0.0041 0.0016 0.0042 -0.0003 0.0014 
RMSE 0.0363 0.0305 0.0183 0.0330 0.0166 0.0351 0.0167 0.0420 0.0251 0.0226 
SD ratio 0.9914 1.0493 1.0296 ] .0380 0.9264 1.0410 0.9463 0.9942 1.0532 1.0210 
( B l l ) SEM size:500 91 cases converge 
mean 0.6442 0.6971 0.5961 0.7537 0.6935 0.7979 0.7920 0.8375 0.9055 0.1933 
bias (1.0058 0.0029 0.0039 -0.0037 0.0065 0.0021 0.0080 0.0125 -0.0055 0.0067 
RMSE 0.0557 0.0621 0.0352 0.0616 0.0350 0.0714 0.0402 0.0868 0.0536 0.0474 
SD ratio 0.7591 1.0662 1.0112 0.9854 0.9853 1.0598 1.1417 1.0400 1.1208 1.0911 
( C l l ) SEM si7e:200 85 cases converge 
mean 0.6085 0.6852 0.5895 0.7321 0.6914 0.7797 0.7883 0.7708 0.8916 0.1873 
bias 0.0415 0.0148 0.0105 0.0180 0.0087 0.0203 0.0117 0.0792 0.0084 0.0127 
RMSE 0.1134 0.1029 0.0656 0.1111 0.0624 0.1154 0.0670 0.1536 0.0935 0.(1769 
SD ratio 0.9181 1.1018 1.2178 1.0905 1.1530 1.0532 1.2336 0.9912 1.2476 1.1816 
Uesign Parameters — 
5n <373 bgj <5532 ^ Al A 2 A3 — 
trufi value O^ FTi (T^TO O：?!] HID (TTKl THIl OKI ？TTKl 5110 
( A l l ) SEM si7e:2000 107 cases converge 
mean 0.9478 0.2990 0.3990 1.0029 0.0000 1.0112 0.9984 2.9947 5.0024 
bias 0.0022 (1.0010 0.0010 -0.0029 0.0000 -0.0112 0.0016 0.0053 -0.0024 
RMSE 0.0252 0.0223 0.0197 0.0769 0.0864 0.1890 0.1448 0.0981 0.1240 
SD ratio 1.0496 1.0568 1.0346 1.0121 1.0948 1.0162 1.0496 1.0181 丨.(12fi4 
( B l l ) SEM si7.e:50fl 91 cases converge 
mean 0.9533 0.2928 0.3959 1.0339 0.0219 1.1082 1.0180 3.0006 4.9927 
bias -0.0033 0.0072 0.0041 -0.0339 -0.0219 -0.1082 -0.0180 -0.0006 -0.0073 
RMSE 0.0456 0.0452 0.0388 0.1311 0.1544 0.3o38 0.2958 0.2027 0.2712 
SD ratio 0.9455 1.0788 1.0509 0.852；^ 0.99-16 0.9281 丨.1009 1.1219 1.1 恥2 
( C l l ) SEM Ri7;e:200 85 cases converge 
mean 0.9361 0.2865 0.3880 1.0831 0.1133 1.3294 1.0261 3.0447 5.0547 
bias 0.0139 0.0135 0.0120 -0.0831 -0.1133 -0.3291 -0.0261 -0.0447 -0.0547 
RMSE 0.0802 0.0732 0.0705 0.2194 (1.2「)(13 0.fi727 0.5125 0.3148 0.4509 
SD ratio 1.0384 1.1489 1.2079 (1.8998 0.93n2 丨.0245 1.1972 1.0455 1.2035 
Uesjgn h'arameters ~ “ 
e,(4，4) e . e 旧 , 7 ) r . 
true value (T^ " O 0 3 (O) O O O 01； ( T r a ~ 
( A l l ) SEM si7.e:2000 107 cases converge 
mean 0.4983 0.4974 0.5035 0.4958 0.4890 0.4974 0.4987 0.4980 fixed 
bias 0.0017 0.0026 -(UK)35 0.0042 0.011 n 0.002fi 0.0013 0.0020 
RMSE 0.0276 0.0171 0.020fi (1.02.30 ().()9fi0 0.0203 ().02()2 0.024fi 
SD ratio 1.0o(17 0.912；^ 1.0290 丨.087「1 I 1.0241 丨.0347 1.1640 
( B l l ) SEM si7e:nOO 91 cases converge 
mean 0.4935 fl.ri()2 丨 0.49‘I7 (1.4981 (1,1357 0.4954 0.49M O.0OO8 fixeA 
bias 0.0065 -0.0021 0.0053 0.0019 0.064：^ O.OOlfi 0.0007 -0.0008 
RMSE 0.0405 0.0373 0.0-157 0.04 l(i 0.1879 0.0420 (1.0399 0.0-111 
SD ratio 0.7655 0.9975 1.1662 0.9979 l.nioT 1 .OfiOfi 1.0173 0.9738 
( C l l ) SEM si7.e:200 85 cases converge 
mean 0.4803 0.4852 0.n031 0.4937 0.3481 0.4944 0.4975 0.4951 fixed 
bias 0.0197 0.0148 -0.0031 0.006：^ 0.1519 0.0057 0.002o 0.0050 
RMSE 0.0868 0.0579 f).0fi33 0.0728 0.3nS9 (1.0711 0.0752 0.0708 
SD ratio 丨.(1314 0.9780 1.0192 1.1026 1.1087 1.1329 1.2087 1.0570 
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Table A.21: Simulation Result of the Classical approach (AlO, BIO, CIO) 
Design Farametfirs 
？JTi b2\ t)02 531 541 
true value (TTT?) (TTD O H 0773 TTTO (1150 (m i (D?o ( O D ~ 
( A l l ) Classical size:2000 55 cases converge 
mean 0.6616 0.8184 0.5098 0.9383 0.5510 0.9820 0.6624 0.8778 1.1119 -0.0398 
bias -0.011 fi -0.1184 0.0902 -0.1883 0.1484 -0.1820 0.1376 -0.0278 -0.2119 0.2398 
RMSE 0.0591 0.6805 0.5533 0.5498 0.4266 0.3908 0.30(io O.OTofi 0.6961 0.8040 
SD ratio 0.8233 0.9524 0.9844 0.9627 0.9872 0.8704 0.9282 0.7503 0.5229 0.5580 
( B l l ) Classical si7e:5flfl 33 cases converge 
mean 0.6787 0.9573 0.4172 0.9135 0.573；? 1.5257 0.1513 0.8808 1.1218 -0.0398 
bias -0.0287 -0.2573 0.1828 -0.1635 0.1267 -0.7257 0.6487 -0.0308 -0.2218 0.2398 
RMSE 0.0850 0.7215 0.6143 0.6017 0.5025 1.9887 1.9238 0.1078 0.7614 0.7902 
SD ratio 0.7463 0.6520 0.6741 0.6539 0.6402 0.5939 0.6142 0.7335 0.6862 0.6448 
( C l l ) Classical si7.e:200 28 cases converge 
mean 0.5921 0.7347 0.4900 0.6042 0.8164 0.8563 0.6801 0.7757 1.3670 -0.2097 
bias 0.0579 -0.0347 0.1100 0.14,=58 -O.llfi-J -(l.Oofi.S 0.1199 0.0743 -(1.4670 0.4097 
RMSE 0.1840 0.6967 0.6803 0.5010 0.5565 0.75'11 0.8128 0.158 丨 2.3215 1.8137 
SD ratio 1.0341 0.4039 0.34R2 0.3702 0.3745 0.3fi90 0.3473 0.7474 0.3371 0.3238 
L^esign Paramf!ters 
bn b73 683 ^ ( j ^ (j^ Xo X3 
true value O l ^ OTl (RO TTTO (TUn HKl TTR] :m i FJIKI~ 
( A l l ) Classical size:2000 55 cases converge 
mean 0.9528 0.2871 0.4183 1.0023 -0.0569 fl.8465 4.9857 3.7154 4.5359 
bias -0.0028 0.0129 -0.0183 -0.0023 0.0569 0.153o -3.9857 -0.7154 0.4641 
RMSE 0.2571 0.3042 0.0448 0.1369 0.1500 0.3470 4.8375 1.0953 0.9150 
SD ratio 0.8619 0.8753 0.7432 0.7002 0.8184 0.754n 32.0001 20.8504 27.2649 
( B l l ) Classical sizpinOfl 33 cases converge 
mfian 1.0927 0.1416 0.4009 0.9719 -0.0870 0.9215 fi.n 14 3.9168 4.4977 
bias -0.1427 0.1584 -0.0009 0.0281 0.08(i9 0.078n -5.4114 -0.9268 (1.5023 
RMSE 0.4562 0.5178 0.0849 0.1711 0.47 to 5.9320 1.2947 0.8162 
SD ratio 0.5829 0.5835 1.0407 0.7518 O.T.Wi 0.5933 14.6530 10.4699 9.1182 
( C l l ) Classical si7.e:20fl 28 cases converge 
mean 0.8019 0.3934 0.<1391 1.1159 O.lOfin 1.1651 4.8091 3.9410 4.8890 
bias 0.1481 -0.0934 -0.0391 -0.1159 -0.1065 -O.lfiol -3.8091 -0.9410 0.1110 
RMSE 0.3474 0.292(i 0.1187 0.3885 0.27fi8 4.4180 丨.9973 1.5380 
SD ratio 0.8070 0.7506 1.0(i41 1.1448 0.8011 0.fi702 7.3798 9.1495 R.9714 
Uesign Parameters ~ 
e a ' J J (-"(V^^) ( " M M ) 0,(4,4) (-),(.',.•) … e , ( 7 . . 7 ) ( " M M ) vf 
true valiifi O DTn Dl； TTTT^  [En 0 (Tn 07111 ~ 
( A l l ) Classical si7^:2000 55 cases converge 
mean 0.4750 0.4893 0.4986 n.491o O.nnT-l 0.4717 0.5028 0.485o fixeA 
bias O.O20O 0.0107 0.0014 0.0085 -0.057-1 0.0283 -0.0028 0.014 o 
RMSE 0.0859 0.0390 0.027.5 0.0277 0.i:Wi 0.0913 0.0228 ().():W2 
SD ratio 0.8590 1.0248 1.1089 1.0961 0.fi88(i ().649« 0.9449 1.1116 
( B l l ) Classical size:500 33 cases converge 
mean 0.4685 0.4836 0.4628 0.4673 0.5fi10 0.491fi 0.4805 0.4862 fixeA 
bias 0.0315 0.01fi4 0.0372 0.0327 -0.0610 0.0084 0.0195 0.0138 
RMSE 0.(1976 O.flfiOo 0.0914 0.0978 0.1791 0.0867 0.0645 O.OnOr, 
SD ratio 0.9484 1.1531 1.0086 0.3338 0.3「ifl8 0.8340 (1.9070 (1.9801 
( C l l ) Classical .size:2(lfl 28 cases converge 
mean 0.4633 0.4645 fl.4o()2 0.4504 0.588；^  (UfiSfi 0.4fi82 0.4417 fixed 
bias 0.0367 0.035fi (1.0438 0.0497 -0.0883 0.0314 0.0318 n.0583 
RMSE 0.1 188 0.0851 0.0863 0.1152 0.2070 0.1239 0.1177 0.1216 
SD ratio 丨.0丨,51 1 -0460 0.9400 1.0710 O.fi丨25 0.97fi-l 1.2500 1.0922 
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Table A.22: Simulation Result of the SEM approach (All , B l l , C l l ) 
Design Parameters 
<>11 <^21 b22 631 <J32 b4i 642 bsl 561 Sia 
true value Olin 0770 (HRl fTTo (TTn O n (THD (TRn O H (TZI] 
(A12) SEM .size:20fl0 108 cases converge 
mean 0.6546 0.7070 0.5973 0.7548 0.6994 0.8033 0.8005 0.8468 0.8993 0.2039 
bias -0.0046 -0.0070 0.0027 -0.0048 O.OflOfi -0.0033 -0.0005 0.0032 0.0007 -0.0039 
RMSE 0.0485 0.0404 0.0124 0.04 Ifi 0.0114 0.0450 0.0123 0.0461 0.0189 0.0335 
SD ratio 1.0499 1.0780 1.0,532 1.0293 0.9662 1.0277 1.0006 0.9674 0.9920 0.9022 
(B12) SEM si7.e:50fl 77 cases converge 
mean 0.6265 0.6894 0.6009 0.7403 0.6974 0.7802 0.8018 0.8018 0.9099 0.1881 
bias 0.0235 0.0106 -0.0009 0.0097 0.0026 0.0198 -0.0018 0.0482 -0.0099 00119 
RMSE 0.0715 0.0677 0.0236 0.0636 0.0214 0.0722 0.0225 0.1122 0.03fi0 0.0624 
SD ratio 0.7923 0.9432 1.0571 0.8191 0.9282 0.8388 0.9472 1.0395 0.9221 0.8773 
(C12) SEM size:200 76 cases converge 
mean 0.6210 0.6943 0.5955 0.7422 0.6896 0.7685 0.8009 0.7114 0.90o7 0.1732 
bias 0.0290 0.0057 0.0(145 0.0078 0.0104 0.0315 -0.0009 0.1386 -0.0057 0.0268 
RMSE 0.1263 0.1203 0.0520 0.1373 0.0713 0.1335 0.0482 0.2382 0.0579 0.1195 
SD ratio 0.9535 1.0882 1.3698 1.1581 1.7741 1.0171 1.2021 1.2471 0.9817 丨.1448 
Design i-'arameters 
073 bs3 W2 ^ XI 
true valiK^ fT J^n (OH O i l OTO (OlTl niTl TTKI ： ^ ] (HK )~ 
(A12) SEM si7fi:2000 108 cases converge 
mean 0.9500 0.3043 0.405-1 0.9924 0.0022 1.0242 1.0021 2.9937 0.0000 
bias 0.0001 -0.0043 -0.0054 0.0076 -0.0022 -0.0242 -0.0021 (1.0063 0.0000 
RMSE 0.0149 0.0398 0.0454 0.0810 0.0898 0.2312 0.0404 0.0609 0.0654 
SD ratio 0 .8204，0 .9890 1.0fi48 0.9508 0.9647 1.0097 1.0151 0.9332 0.8551 
(B12) SEM size:5fl0 77 cases converge 
mean 0.9496 0.2840 0.3731 1.064f) 0.0906 1.2684 0.9845 3.0340 0.0573 
bias 0.0004 0.0160 (1.0269 -0.064fi -0.090(i -0.2684 0.0155 -0.0340 -0.0573 
RMSE 0.033(1 0.0734 0.07；^ 0.1372 0.1833 0.o780 0.0675 0.1046 0.1452 
SD ratio 0.9130 0.9440 0.8517 0.8172 0.9M"i 1.0121 ().897(i 0.8474 0.918n 
(C12) SEM si7,e:20fl 76 cases converge 
mfiaii 0 . 9 «3 0.2817 0.3446 1.0921 ().2i;V2 1.8568 0.9933 3.0533 0.1309 
bias O.OQfi? 0.0183 O.Ooril -0.0921 -0.21 -().8ofi3 0.0067 -0.0533 -0.1309 
RMSE 0.06Ifi 0.12,30 0.1443 0/23.27 0.；-!50() 1.5503 0.1472 0.1921 0.3195 
SD ratio 1.0598 1-1168 1.1855 0.9428 1 .OoO(i l.l.S3n 1.2678 1.0015 1.2956 
Design Parameters 一 “ -
1) O e M (=).(! ：^) ee(4,4) 化 … 0 , ( 7 , 7 ) n 
true value O (Di O (TTT^ O O (O； (To (TTO~ 
(A12) SEM si7.e:2000 108 cases converge 
mean 0.4980 0.4998 0.498(5 0.4998 0.48:^8 0.4996 0.4986 O.oflOfi fixeA 
bias 0.0020 0.0002 0.0014 0.0002 n.01fi2 0.0004 0.0014 -0.0006 
RMSE 0.0211 0.0191 0.0198 0.0217 0.1291 0.0198 0.0195 0.0247 
SD ratio 0.9811 1.0313 1.0166 1.0430 1.0730 0.9924 0.9959 1.0810 
(B12) SEM si7.e:oOO 77 cases converge 
iTieaii 0.489-1 O.o()23 0.499G (U977 (U-丨 0.4871 0.5013 0.50 In fixed 
bias 0.0106 -0.0023 0.00(14 0.002；^ 0.1 .>17 0.0129 -0.001：^ -O.OO-tri 
RMSE 0.0525 0.0408 0.0350 0.0397 0.;M72 0.0389 (1.0:巧(i 0.04nf) 
SD ratio 1.0fi02 l.(}9fi‘2 0.9002 0.9576 1.0238 0.9271 0.8952 1 .OaVi 
(C12) SEM si7e:200 76 cases converge 
mean 0.4923 0.5045 0.4941 0.5039 -0.09.") 1 0.4812 0.4911 0.5112 fixed 
bias 0.0077 -0.0045 fl.OOoO -0.0039 0.5951 0.0188 0.0089 -0.0012 
RMSE 0.0777 0.0656 0.(1037 0.0732 1.198.') O.Ofifil 0.0655 0.071 o 
SD ratio 0.9778 1.1065 丨.fl3:30 1.1(145 l.‘2fi07 1.0131 1.0‘26「)7 0.9888 
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Table A.21: Simulation Result of the Classical approach (AlO, BIO, CIO) 
； ; ^ ： ； ^ ^ 。 a （丨 
tri/i ^loco；^,! <^ i7P-'2nnn 43 cases converge 
( A 1 2 ) _ a a S a M77 0 4771 0 9015 0 5819 1.0059 0.6399 0.8530 1.1 川 - 0 . 0 2 9 2 
T a n n i n f s 014?7 o p o g -o 1515 01181 -0.2059 0.1601 -0.0030 -0.2111 0.2292 
监 1 f l ^ ' S 02848 0.2290 0.4218 0.3323 0.1045 0.5058 0.5254 
S 告 ! S L Sf iUf i S 7837 2:8453 0 8836 0.9901 0.7848 0.8253 0.5200 0.7691 0.7389 
0 1751 U S ? 0 4614 1.2282 0.532? ' 1 -0.4728 
？？n 1.3704 0.1<ol J .益 “J fl.0360 -0.4911 0.6728 
^ I f l l ？ f ； ^ r S f i s 0.8031 1.9575 0.9958 O.lfil l 1.9684 2.8521 
？ .！溫 o J l " ? . 0.42^3 0.38?5 0-3827 0.3995 (1.3907 0 細 9 0.3924 0.397n 
(C12) nrvnClassical 0 _ 2 0.6618 0 . 9 8 o f 0.14,8 
T 么 S0082 S'nor, 0 1 A 9 )(?t 0 0.0038 0.1382 -0.1802 0.04o7 -0.0453 0.0582 
1 h o , o.'^o 0 6 7 n fi948 0.9742 1.0919 0.1345 0.n40o 0.5205 
S^^tatio ？ : m i i;7137 0：75?5 S： '^ ! ' 0-6204 0 .6G45__0 - 7 6 9 9 0-5916 0 施 1 
D ^ p t - a r a m e t e r s ^ ^ , , 1 . ~ r r — — 
fe’ a ( 丨 — ^ a • • • 
43 cases converge 
( r ^ i ? 0.9907 0 2637 0.4148 0 9 3 8 -0.0250 0.9981 Y f 7 2 3.0687 -0.1504 
C s -0.0407 0.03fi8 -0.0148 0.0062 0.0250 0.0019 -0.6972 -0 0687 fl.lOo4 
RSISE 0.1401 0.1501 0.0556 0.1287 0.1834 0.5223 0.939/ 0-1902 O，?品22 
SD rat io 0 7538 0.7420 0.fi797 (1.5147 0.5859 0.5147 34.5443 21.7414 37.8206 
(B12) Classical si7.e:500 i cases converge 
W 1.0036 0.2173 0.4138 1.0560 0.0307 1.0427 1.8614 3.20.0 QM7\ 
bias -0.0530) 0.0827 -0.0138 -0.0560 -0.0307 -0.0427 -0 8614 -Q.2Q7b -0.0471 
R M S E 0.3647 0.3783 O.Ofi.25 fl.2fi37 0-2999 0 5.T24 二 I f i l O O?’恐0 a’ ’097 
SD ratio 0 6186 0.5673 0.6772 �.040(1 1.1193 0.84n0 I fUl f ) / l/.7fi21 20.0938 
i - i o r i a q+a l si7P-200 41 cases converge 
S S l 3 i n G..n08 T S O.OT-U 1.0H72 1.7150 2.9600 -0.0974 
T^fas -0.1129 0.1690 -0.0108 -0.0605 -0.07 J1 -0-0872 -0.7j o0 0 0400 0.0974 
R N I I E 0 7 5 4 1 1 . 0 8 4 3 0 . 1 3 1 6 0 . 細 7 0 . 2 8 1 7 0 . 4 9 4 0 l - Q ^ 0 . o 4 / 2 0 ^ 3 9 3 
SD ratio 0.7745 1.280S 1.2493 � . 丨 0 . 9 f f l 0 0-7340 ——“卻 
叫 : U ) 0 , (4 ,4 ) ^ ^ … ^ f ： ^ ) 
tnie value h r ^ O (To ^ ^ ^ ^ ^ ^ 
A l t Classical si7.e:2000 。 n 彳 c a s e s 
i^eali 0 4673 0.4901 0.4984 0.4970 0.50-11 0,1丁 18 0 497n 0.49/n fixed 
冗 = 0 27 0.0099 (1.0(1 H:; 0 . (M)3(〗 -0 .0041 0-0282 .002. O.Oflio 
l ^ f ^ E 0.1029 0.0311 0.()2；13 0.0:脱 0.1778 0.082. 0.02on 0Q2M 
SD ratio 0.9354 0.8:1-13 1 0.9079 O.iVi.Vi 0.88/3 10<01 丨.010(1 
二 riP=ciral 39cases converge 
0.45(^2^ 0 4802 0.1817 M ^ S ' (1..V161 0-4697 0.4777 0.471G fir.eA 
b S .0438 0.0198 0.01 M 0 . 02 " -0.0461 0 022.^ O m M 
R M I E 0.0953 0.0944 O.()o47 0.0534 0.1663 0.0893 0 . 0 / « 
S n r^ t io 1 10o9 1.2098 0.90-18 0.9n2n 0.nn91 1 -0936 1.098丨 l .OOd 
(C12) ‘ Classical M7.f>:20fl _ 41 cases converge 
\nLn 0.4631 0.4470 0.4692 0.4^95 (1^42 0.4467 fl.4n!. 0.4n.8 fi:ml 
bias 0.0369 0.0530 () .():• 0.0405 -0.0442 0.0n3. 0.0483 0 0 4 ^ 
RMSE 0.1219 0.1042 0.11o2 0,1039 n.2329 0. 0.1 n lOn. O m . 
SD ratio 0.9331 0.9838 (1.5.289 1.0425 0.7Ion 0.92/9 0.9801 。 . 灘 ) 
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Table A.26: Simulation Result of the SEM approach (A13, B13, C13) 
~ U f i S ' g ' i P a r a i T i f t e i s _ 
IM] 522 Sii fe32 b-n 642 051 ^ "63 
true value O H (Oo ( m i (Tm (Ho ( m i ( m i (Tin (OH 
(A13) SEM size:2000 110 cases converge 
mean 0.2990 0.3448 0.6018 0.3979 0.7011 0 4133 0.8023 0.4851 0.54o9 0.2003 
bias fl.OOlfl 0.0052 -0.0018 0.0021 -0.0011 0.0067 -0.0023 0.0149 0.0041 -0.0003 
RMSE 0.0586 0.0446 0.0108 0.0471 0.0105 0.0o47 0.0130 0.096n 0.0264 0.0110 
SD ratio 0.9233 0.9459 1.0031 0.8909 0.9247 0.9229 1.0671 0.9844 0.8812 1.047. 
(B13) SEM si7.e:500 109 cases converge 
mean 0.2972 0.3519 0.5981 0.3984 0.7003 (1.4429 0.8031 0.4767 0.5483 0.1971 
bias 0.0028 -0.0019 0.0019 0.001 fi -0.0003 0.0071 -0.0031 0.0233 0.0017 0.0029 
RMSE 0.1282 0.0978 0.0201 0.1188 0.0273 (1.1288 0.0269 0.2479 0.0661 0.0260 
SD ratio 1.0107 1.0559 0.9470 1.1425 1.2124 1.1086 1.1247 1.2o16 l.lfiOS 1.2487 
(C13) SEM size:200 100 cases converge 
mean 0.2958 0.3486 0.6019 0.4052 0.6974 0.4547 0.7996 0.4460 0.5576 0.1958 
bias 0.0042 0.0014 -0.0019 -0.0052 0.0026 -0.00-17 fl.0004 0.0540 -0.0076 0.0042 
RMSE 0.2219 0.1716 0.0435 0.2065 0.0504 0.214.=i 0.0509 0.381-1 0.1111 0.04o7 
SD ratio 1.1524 1.2150 1.2716 丨.3077 1.3680 丨.2�;V2 1.2886 1.2577 1.2600 1.3521 
Ufisign Parameters 
<>71 7^3 b83 (pT2 </-'32 033. M .入.2,. / 丄 
true value (HK] (Od 31K] [TnO FTUd OR] XTKl ^ 
(A13) SEM si7.(-2000 110 cases converge 
mean 0.6014 0.2986 0.3986 0.5196 5.040n 1.0015 2.9976 5.0128 
bias -0.0014 0.0014 0.0014 -0.0035 -0.0196 -0.0400 -0.0015 0.0024 -0.0128 
RMSE 0.0306 0.0127 0.0119 0.1331 O-lfinfi 0.3910 0.0994 0.0835 0.1209 
SD ratio 0.9653 l.()3H 0.9685 0.9835 1.0274 0.9709 1.(1-丨92 1 .OSfifi 1.0031 
(B13) SEM size:50fl 109 cases converge 
mean 0.6051 0.2960 0.3979 2.9757 0.4999 ；..1220 1.0044 3.0113 5.04flo 
bias -0.0052 0.0040 0.0021 0.0243 0.0001 -0.1220 -0.0044 -0.0113 -0.0405 
RMSE 0.0632 0.0293 0.0831 0.24n9 1.0648 0.2417 0.1583 0.28.54 
SD ratio 1.0423 1.2168 1.3924 0.902’3 I J l Oo 1.2563 t .2903 0.9837 1.0508 
(C13) SEM si7.e:200 100 cases converge 
mean 0.6034 0.2951 0.3968 2.9291 O-olfif) 5.2276 fl.98fi3 3.0240 5.0746 
bias -0.0034 O.OOnO 0.0032 0.0709 -0.0166 -0.2276 fl.0137 -0.0240 -0.0746 
RMSE 0.1174 0.0485 0.0457 0.1-197 0.5219 1.629.1 0.8609 0.2853 0.5158 
SD ratio 1.2915 1.3285 1.30.11 1.0644 1.109.5 1.220:! 1.12% 1.1591 
UesiKii Parameters 
e . c i / i ) 丨U) e a 4 , 4 ) <9,(.v、） 化 … < = ) “ ' 7 ， 7 ) 化 ( a ， 8 ) ： 又 
true value O O (En (DT^ (To (To (D^ O O n 
(A13) SEM si7.e:20fl0 110 cases converge 
mean 0.504G 0.4981 0.499G 0.5008 0.4656 O.nOOr, 0.49G4 0.4997 fixeA 
bias -0.0046 0.0019 O.OOOl -0.0008 0.0:M4 -O.OOOo 0.0036 0.0003 
RMSE 0.0299 0.0181 0.0219 0.0198 0.19(19 0.0216 0.0205 (l.(l‘223 
SD ratio 1.0336 0.9702 1.1023 0.9122 0.9551 1.0089 0.9336 0.9585 
{B13) SEM Ri7e:nOO 109 cases converge 
nipaii 0.4970 0.5003 0.49-16 0.4977 ().3(i37 0.4961 0.-1991 0.4984 fixeA 
bias 0.0030 -(1.0003 0.n0r>t 0.0023 O. im^ 0.0039 0.0009 0.00 If) 
RMSE 0.0579 ().030n 0.0433 0.0406 (Ui(i73 0.0402 ().04(Ki 0.04(52 
SD ratio 1.0163 0.8178 1.0814 0.9.318 丨.39«1 0.9376 0.934-1 0.9926 
(C13) SEM si7.e:200 100 cases converge 
mean n.4867 0.4952 0.4913 0.4990 0.2210 0.4778 0.1941 ().n04(l fixed 
bias 0.01,33 0.0048 0.0087 0.0010 0.2790 0.0222 0.0059 -0.0040 
UMSE 0.1116 0.0581 0.0fi02 0.0679 1.00o4 0.0872 0.0837 0.0760 
SD ratio 丨.141(1 0.9849 0.9484 (1.9816 1.2991 1.17.巧 1.202「） 1.0215 
G8 
Table A.27: Simulation Result of the Classical approach (A13, B13, C13) 
Ufisign Farametftrs 
bll t)21 0-22 &31 <^32 041 &51 661 t>63 
true value O D dlR] OT^D (TTD (T^ O D (D^d (ToT； (TTZTT" 
(A13) Classical si7.e:20fl0 92 cases converge 
mean 0.3678 0.4024 0.5855 0.4610 0.6826 0.5206 0.7811 0.5060 0.5578 0.1976 
bias -0.0678 -0.0524 0.0145 -0.0610 0.0174 -0.0706 0.0189 -0.0060 -0.0078 0.0024 
RMSE 0.1988 0.1531 0.0408 0.1753 0.0468 0.2070 0.0631 0.2602 0.0488 0.0158 
SD ratio 丨.0382 0.9938 1.2413 0.9865 1.2693 1.0239 � 0 . 7 7 7 1 (1.820丨 0.7885 
(B13) Classical Ri7,e:5flfl 63 cases converge 
mean 0.4832 0.5182 0.5273 0.6045 0.6289 0.6359 0.7594 0.6148 0.6086 0.1764 
bias -0.1832 -0.1682 0.0727 -0.2045 0.0711 -0.1859 0.0405 -0.1148 -0.0586 0.0236 
RMSE 0.3505 0.3142 0.1734 0.3426 0.1367 0.3434 0.1517 0.2951 0.1822 0.0951 
SD ratio 0.9932 0.9299 1.0449 0.9302 0.9886 0.8749 1.1009 0.7687 0.8134 0.7910 
(C13) Classical si7.e:2flfl 48 cases converge 
mean 0.4896 0.4850 0.6069 0.6208 0.6163 0.6330 0.7552 0.5994 0.6161 0.1791 
bias -0.1896 -0.1350 -0.0069 -0.2208 0.0837 -0.1830 0.0448 -0.0994 -0.0661 0.0209 
RMSE 0.3531 0.3966 0.4261 0.3933 0.2097 0.3680 0.1500 0.3210 0.1658 0.0703 
SD ratio 0.7393 0.6388 0.8853 0.7098 0.6963 0.7768 0.8304 0.7004 0.8058 0.6973 
Parameters — 
b7i O73 (>83 (!>-22 <?3.2 0 3 3 A l A 2 A 3 — 
true value (TIKI (OD (RTl miD fT^ nlKl mTi ITTfn n I K l ~ 
(A13) Classical Ri7.e:20flfl 92 cases converge 
mean 0.5989 0.3053 0.4078 2.8792 0.4000 4.9527 1.3845 2.9299 4.9135 
bias 0.0011 -0.0053 -0.0078 0.1208 0.1000 0.0473 -0.3845 (1.0701 0.086. 
RMSE 0.0406 0.0254 0.0391 0.3821 (1.4246 1.1082 0.7436 0.3995 0.5418 
SD ratio 0.9090 0.7634 0.8339 1.1537 0.9491 0.8271 32.1240 60.4398 80.5255 
(B13) Classical sizei^flfl 63 cases converge 
mean 0.6166 0.3045 0.4226 2.6645 0.1344 4.5939 1.8580 2.6097 4.5167 
bias -0.0167 -0.0045 -0.0227 0.3355 0.3656 0.4061 -0.8580 0.3903 0.4833 
RMSE 0.1009 0.0501 0.0511 0.7160 0.7019 1.2231 1.3286 0.8828 0.8307 
SD ratio 0.8899 0.7795 0.7882 0.9525 0.9.>4n 0.7383 丨 3 8 . 2 1 9 6 35.4965 
(C13) Classical si7.^ :200 48 cases converge 
mean 0.6318 0.2906 0.4242 ‘2.(M9(1 0.1-407 4.6048 2.0848 2.62o4 4.4573 
bias -0.0318 0.0094 -0.0242 0.3nl0 0.3593 0.39o2 -1.0848 0.3746 0.5427 
RMSE 0.1919 0.1100 0.0670 0.7464 0.7428 丨.fi341 1.47fiO 0.8779 0.9fi45 
SD ratio 0.7790 0.7n08 0.R758 0.7n7n 0.8090 0.96()7 11.1118 丨 丨 9 . 3 9 8 9 
Uesign h'arameters 
true value O ( O (13 rTTT^ (To O (13 O (TOn~ 
(A13) Classical siz(':20flfl 92 cases converge 
mean 0.4934 ().'1980 0.5007 0.5014 0.6936 0.4967 0.498n 0.4924 fixed 
bias O.OOfifi (1.0020 -0.0007 -0.0014 -0.1936 0.0033 0.00 In 0.007« 
RMSE (1.0379 0.0172 0.0219 0.0201 (i. 4 7 0.0247 0.0210 (1.029-1 
SD ratio 0.9308 0.9018 I.OfiTl 0.8798 0.5002 0.9499 0.8858 0.9666 
(B13) Classical fiizeioOfl 63 cases converge 
mean 0.4248 ().4%0 0.481 1 0.4918 0.7871 0.4689 0.5fln0 0.483；? fixed 
bias 0.0752 0.0040 0.(1189 O.OOr.2 -0.2871 0.0311 -O.OOnO (1.0107 
RMSE 0.2088 (1.(138 丨 （1.0r)83 0.0446 0.482fi 0.1017 0.0512 O.Oo^r) 
SD ratio 0.9870 0.9095 1.2176 0.9375 0.1333 0.8024 1.0005 0.9071 
(C13) Classical size:200 48 cases converge 
mean 0.4092 0.48fi8 0.4fifi5 0.493fi 0.8516 0.4407 0.4818 0.48fi() fixeA 
bias 0.0908 0.0132 0.0335 0.0064 -0.3516 0.0593 0.0182 0.01 10 
RMSE 0.2193 0.0848 0.0669 0.07.¥) 0.6793 0.1201 0.0882 (1.(1851 
SD ratio 1.0338 1.1078 (1.79,% 0.9(io() ().0<08 0.9362 1.1269 0.9(in0 
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Table A.22: Simulation Result of the SEM approach (Al l , B l l , C l l ) 
U^^sign Parameters 一 
5n Sii ^31 ^32 ^ Ssi Sis 
true value (OTl {050 O H nTTd fl：^ O i l fUJTl ( 0 ( 1 ~ 
(A14) SEM si7.e:2000 110 cases converge 
mean 0.2979 0.3522 0.5990 0.3970 0.7000 0.4497 0.7993 0.4973 0.5.il3 0.1988 
bias 0.0021 -0.0022 0.0010 0.0030 0.0000 O.OOO.S 0.0007 0.0027 -0.0013 0.0012 
RMSE 0.0804 0.0553 0.0111 0.0660 0.0137 0.0741 0.0139 0.1043 0.0191 0.0129 
SD ratio 1.1320 1.0507 0.9235 1.1090 1.0796 1.1119 1.0109 1.2372 0.9944 1.0147 
(B14) SEM si7.e:500 108 cases converge 
mean 0.3028 0.3480 0.6003 0.3953 0.6995 0.4538 (1.7988 0.4596 0.5507 0.2007 
bias -0.0028 0.0020 -0.0003 0.0047 0.0005 -0.0038 0.0012 0.0404 -0.0007 -0.0007 
RMSE 0.1321 0.0975 0.0246 0.1087 0.0295 0.1180 0.0279 0.2144 0.0377 0.0268 
SD ratio 0.9099 0.9237 1.0400 0.9074 1.1528 0.8770 1.0162 1.1780 1.0109 1.0695 
(C14) SEM si7.e:200 99 cases converge 
mean 0.321 fi 0.3732 0.5923 0.4271 0.6894 0.4739 0.7900 0.3fi02 0.5469 0.2000 
bias -(1.0216 -0.0232 0.0077 -0.0271 0.0106 -0.0239 0.0100 0.1398 0.0031 0.0000 
RMSE 0.2507 0.1920 0.(1445 0.2] 12 0.0469 0.2499 0.0566 0.4505 0.0614 0.0402 
SD ratio 丨.0713 1.1468 1.0832 1.1032 1.0584 1.1729 丨.2012 1.3404 1.0929 1.0643 
Parameters 
1^71 <J73 <^83 <?22 ^32 ^33 ^ ^ X3 
true value (11)0 (THn (R(l m ) U M oIKl OKI ；mi (HK l~ 
(A14) SEM si7.e:2000 110 cases converge 
mean 0.6005 0.3003 0.4002 2.9837 0.4807 5.0005 1.0061 2.9991 -0.0028 
bias -0.0005 -0.0003 -0.0002 0.0163 0.0193 -0.0005 -0.0061 0.0009 0.0028 
RMSE (1.0187 0.0168 0.0207 0.1512 0.1746 0.4927 0.0837 0.1072 0.1407 
SD ratio 1.0249 1.033fi 1.0229 1.0987 1.0820 1.1619 1.1123 1.1191 1.0896 
(B14) SEM sizeinOfl 108 cases converge 
mean 0.6001 0.2973 0.39fi3 2.9725 0.4764 5.2079 1.0107 2.9936 0.0001 
bias -0.0001 0.0027 0.0037 0.0275 0.0236 -0.2079 -0.0107 0.0064 -0.0001 
RMSE 0.0368 0.0315 0.0394 0.3069 0.3347 1.1294 0.1732 0.1897 0.2918 
SD ratio 1.0166 0.9881 0.9871 1.0694 1.0115 1.2173 1.1382 0.9261 1.1020 
(C14) SEM si7.o:20n 99 cases converge 
mean O.^gSS 0.2951 0.3889 2.8877 0.542：^ n.7418 1.0339 2.9314 0.046fi 
bias 0.0015 0.00^19 0.0111 0.1123 -0.0-123 -0.7418 -0.0339 0.0686 -0.0466 
RMSE 0.0579 0.0564 0.0742 0.5000 0.5841 2.2401 0.3466 (1.4171 0.5723 
SD ratio � 1 . 1 7 2 0 1.2430 0.9837 1.0G92 丨.214-1 1.4615 1.0952 1.3288 
Uesign Parameters 
I f (11 ) <^.(4,4) i^ei^/o] <^.(7.7) rf 
true value O O O 0 O (13 (TT； (TOo~ 
(A14) SEM si7,e:20flfl 110 cases converge 
mean 0.5013 0.4991 0.4986 O.nOlf) 0.4710 0.5013 0.4989 0.M30 fixeA 
bias -0.0018 0.0009 0.0014 -0.001 o 0.0290 -0.0013 0.0011 -0.0030 
RMSE 0.0310 0.0170 0.0188 (1.0213 0.291 fi 0.0199 (1.0210 0.0262 
SD ratio 1.0629 0.9176 0.9473 0.9792 1.2013 0.9(ill 1.0444 1.0320 
(B14) SEM size:500 108 cases converge 
mean 0.5010 0.4923 0.5014 0.49(51 0.3475 0.4933 0.4948 fixed 
bias -0.0010 0.0077 -0.0014 0.0039 0.1525 0.0067 0.0052 -O.OO.M 
RMSE 0.0626 0.0386 0.0436 0.0444 ().7fi04 0.0419 0.0391 ().0o.T2 
SD ratio 1.0773 1.0278 1.0910 1.0246 1.3117 1.0186 0.9588 1 .()o80 
(C14) SEM si7.e:2()0 99 cases converge 
mean 0.4775 0.4910 O.n(lo6 0.4999 -0.2047 0.4929 0.4947 0.5112 fixeA 
bias 0.0225 0.0090 -0.0056 O.flflfll 0.7047 0.0071 0.005.3 -0.0112 
RMSE 0.1043 0.0505 0.0631 0.0710 1.8634 0.0681 0.0714 0.0887 
SD ratio 1.0580 0.R502 0.9848 ] .0283 1.3894 1.0696 1.1004 1.1192 
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Table A.21: Simulation Result of the Classical approach (AlO, BIO, CIO) 
Design h'arameters — 
bl： t>2i b-yy bJl U32 UTi 
true value (T^ O n fOW O I ] f l ^ (OTi ( m i ( m i (T3o 
(A14) Classical si/e:200() 91 cases converge 
mean 0.3284 0.3821 0.5853 0.43O-1 0.6837 0.4937 0.7812 0.4855 0 5523 0 1964 
bias -0.0284 -0.0321 0.0147 -Q.0354 0.0163 -0.0437 0.0188 0.0145 -0.0023 0 0036 
RMSE 0.1879 0.1537 0.0452 0.1787 0.0487 0.2121 0.0592 0.2505 0.0478 0 0175 
SD ratio 1.0713 1.0442 1.3413 1.0594 1.2761 1.1086 1.4034 0.7182 0.8383 0.8831 
(B14) Classical si7e:500 52 cases converge 
mean 0.4373 0.5000 0.5496 0.5390 0.6658 0.6606 0.7272 0.5908 0 5979 0 1944 
bias -0.1373 -0.1500 0.0504 -0.1390 0.0342 -0.2106 0.0728 -0.0908 -0.0479 0 0056 
RMSE 0.3652 0.2934 0.1064 0.3327 0.2245 0.3843 0.1454 0.3300 0 1526 0 0574 
SD ratio 1.2003 1.1226 1.1057 0.9123 1.0501 1.0763 1.1503 0.8533 1.1626 1 0389 
(C14) Classical size:200 52 cases converge 
mean 0.4362 0.5900 0.4320 0.6014 0.fil72 0.6301 0.7306 O.fi4o8 0.5749 0.1912 
bias -0.1362 -0.2400 0.1680 -0.2014 0.0(S'28 -0.1801 0.0694 -0.1458 -0.0249 () 0088 
RMSE 0.3962 0.6380 0.7331 0.4145 0.2102 0.4470 0.2613 0.2905 0.1945 0.0860 
SD ratio 0-9607 0.91fi9 1.0494 0.82fifi 0.7128 0.8619 0.9282 0.6814 Q.7661 0.6489 
Design Parameters “ — 
. ^73 "^83 (p22 032 033 M A-j Ji 
true value 01511 OTl TTId IHK) (ToO JTUD TUD : m i [HTO 
(A14) Classical si7.e:2000 91 cases converge 
mean 0.5964 (UO丨 7 (1.4031 2.9285 0.4310 5.0267 0.9489 2.9127 -0.0507 
bias 0.0036 -0.0017 -0.0031 0.0715 O.OfiflO -fl.02fi7 O.Ooll 0.0873 Q 0507 
RMSE 0.0454 0.0254 0.0388 fUir>「i 0.4061 1.029fi 0.2950 0.3019 0.3124 
SD ratio 1.0.359 0.7724 0.81.% 1 .().-)86 0.9:识7 fl.742o 33.f)44,l 84.7595 lfll.fi448 
(B14) Classical ai7.e:500 52 cases converge 
mean 0.5701 0.3216 (U318 2.7350 fl.lfi9fi 4.5732 0.9185 2.6731 -0.2509 
bias 0.0299 -0.0216 -0.0318 0.2650 0.330-1 0.4268 0.0815 0.3269 0.2509 
RMSE 0.0999 0.0547 0.0570 0.8281 0.7189 1.3840 0.4388 0.6051 0.5004 
SD ratio 1.1380 1.0046 0.8772 1.2879 1.093fi 1 .OnGf) 1(1.72.56 40.3887 39.4418 
(C14) Classical si7.e:200 52 cases converge 
mean 0.6199 0.2984 (1.43n 2.6424 0.2324 4.4848 0.7742 2.6119 -0.2853 
bias -0.0199 0.0016 -0.0311 0.357fi 0.2f.76 0.5152 (1.2258 0.3881 0.2853 
RMSE 0.2105 0.0960 0.0659 0.8612 0.68% 1.4676 0.5273 0.6482 0.4957 
SD ratio 0-8544 0.7053 0.8856 1 .OOfiB 0.8425 0.8917 9.0824 丨8.8449 丨 7.122.1 
Design Parameters — 
<^』口） 0 , ( 4 , 4 ) ~ e , ( o , f ； ) ~ ~ e , ( 7 . 7 ) ~ G e ( 8 ’ « ) f } — 
true value O (Tn (TFT^ O ^ (H) O (Hfe 
(A14) Classical si7e:200fl 91 cases converge 
mean 0.4829 0.4996 0.4979 0.4996 0.6221 0.5006 O.oOOl 0.4973 fixed 
bias 0.0171 0.0004 0.0021 0.000-1 -0.1221 -0.0007 -0.0001 0.0027 
RMSE 0.0641 0.0183 0.0204 0.02.T2 0.360 7 0.0228 0.0263 0.(1310 
SD ratio 1.1429 0.9650 0.9846 1.0171 ().3(i()4 0.9010 1.1058 1.0342 
(B14) Classical si7e:50n 52 cases converge 
mean 0.4152 0.4850 0.5009 0.4803 0.928o 0.^633 0.5028 0.4746 fixed 
bias 0.0848 0.0150 -0.0009 0.0137 -0.1285 0.0367 -0.0028 0.02n-l 
RMSE n.2059 0.0424 ().()n24 0.nnn9 O.G-192 0.0908 0.0-14-1 0.0500 
SD ratio 1.1175 0.989(1 (1.3917 1.1 Uif) 0.5400 1.1170 1.00-19 1.(1(1-18 
(C14) Classical Rizp:2n0 52 cases converge 
mean 0.4061 0.4594 0.4805 0.4727 0.9199 0.4810 0.-1816 (1.4858 fixed 
bias 0.0939 0.0406 0.0195 0.027：^ -0.-1199 0.(1190 0.018-1 0.0142 
RMSE 0.2431 0.0960 0.0713 0.1012 (Ui384 0.0831 0.0886 0.1093 
SD ratio 1.2298 0.7782 0.9345 1.2275 0.6132 丨.0282 1.083：^ 1.2.^29 
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Table A.22: Simulation Result of the SEM approach (Al l , B l l , C l l ) 
L'fisign h'arameters 
522 632 ft-jl t)42 t)51 t)61 063 
true value (Tmi ( 0 5 OIW JT^ 077(1 U M ( m i r r ^ (Too (17211 ~ 
(A15) SEM si7,e:20fl0 110 cases converge 
mean 0.3068 0.3510 O.fiflll 0.4009 0.7011 0.1583 0.7996 0.5084 0.5503 0.2003 
bias -0.0068 -0.0010 -0.0011 -0.0009 -0.0011 -0.0083 0.0004 -0.0084 -0.0003 -0.0003 
RMSE 0.0665 0.04 7(i 0.0112 0.0539 0.0116 0.0599 0.0118 0.1016 0.0317 0.0113 
SD ratio 1.0407 1.0165 1.0461 1.0239 1.0181 1.0103 0.9781 1.0758 1.0710 1.0693 
(B15) SEM si7.e:500 109 cases converge 
mean 0.3063 0.3466 0.6032 0.3962 0.7017 0.4576 0.8001 0.4392 0.5344 0.1988 
bias -0.0063 0.0034 -0.0032 0.0038 -0.0017 -0.0076 -0.0001 0.0608 0.0156 0.0012 
RMSE 0.1476 0.0995 0.0203 0.1131 0.0233 (1.1292 0.0247 0.2734 0.0684 0.0282 
SD ratio 1.0(594 0.9904 0.9470 0.9972 1.0369 1.0152 1.020.3 1.2749 1.1628 1.3424 
(C15) SEM size:200 96 cases converge 
mean 0.2874 0.3688 0.5914 0.4016 0.fi945 0.4629 0.7901 0.4939 0.5621 0.1993 
bias 0.0126 -0.0188 0.0086 -0.0016 0.0055 -0.0129 0.0099 0.0061 -0.0121 0.0007 
RMSE 0.2195 (1.16()4 0.03fi9 0.1923 0.0408 0.1886 0.0419 0.3-594 0.0884 0.0412 
SD ratio 1.0978 1.1689 1.(1828 1.2099 1.1541 1.0519 1.0855 1.2565 0.9965 1.3164 
Ufisign Farameters — 
~ &71 t>73 (p22 (p32 <PZZ A i A j A3 
true value ( m i (1311 O D J M (130 ？TUIl VM XTKl W W — 
(A15) SEM Ri7e:2000 110 cases converge 
mean 0.6041 0.2998 0.4007 2.9645 0.4751 4.9422 0.9989 2.9958 4.9967 
bias -0.0041 0.0002 -0.0007 0.0355 0.0249 0.0578 0.0011 0.0042 0.0033 
RMSE 0.0305 0.0135 0.0135 0.1357 0.1578 0.3905 0.1155 0.0873 0.1121 
SD ratio 0.9577 1.1152 1.1301 0.9670 0.9822 0.9909 1.2193 1.1008 0.9101 
(B15) SEM si7,fi:5fl0 109 cases converge 
mean 0.5895 0.2977 0.3951 2.9808 0.5811 5.1981 (1.9904 3.0312 5.0828 
bias 0.0105 0.0023 0.0049 0.0192 -0.0811 -0.1981 0.0096 -0.0312 -0.0828 
RMSE 0.0623 0.0303 0.0337 0.3772 1.09o8 0.3620 0.3124 0.4120 
SD ratio 1.0074 1.2191 1.3220 1.1565 1.0738 1.2144 1.(5272 1.3444 1.3202 
(C15) SEM si7.e:20() 96 cases converge 
mfian 0.5883 0.3022 0.4046 2.9694 0.462fi 5.043-J 0.9fil 丨 .3.04:21 4.9970 
bias 0.0117 -0.0022 -0.004fi 0.0300 0.0374 -0.0434 0.0389 -0.0-421 0.0030 
RMSE 0.1032 0.0428 0.0428 0.4488 0.5356 1.3707 0.3791 0.2613 0.4731 
SD ratio 1.1438 1.2777 1.2769 1.0230 1.1412 1.1716 1.3296 0.9866 1.1881 
Design l-'ararnoters I ^ ^ ^ I I ^ I Z Z I I ^ ^ Z I I ^ Z I Z Z Z Z 
- G , ( l ’ l ) e a . t . ^ ) � ( & … rf — 
true value O O O CDT^ DTn (Tn O O (TR]~ 
(A15) SEM si7.p:2000 110 cases converge 
nifiaii 0.5011 0.n017 0.4997 0.4995 ().5(103 ().n009 0.4978 0.4994 fixed 
bias -0.0011 -0.0017 0.0003 O.flOOn -0.0(103 -0.0009 0.0022 0.0006 
RMSE 0.0305 0.0186 0.0200 0.0209 0.1933 0.0227 0.0212 0.0218 
SD ratio 1.0675 0.9963 1.0055 0.9643 1.0307 1.0559 0.9744 0.9406 
(B15) SEM size:5(]0 109 cases converge 
mean 0.5022 0.5004 0.497(5 0.4977 0.3119 0.4955 0.4991 0.4988 fixeA 
bias -0.0022 -0.0004 0.0024 0.0023 0.1881 0.0045 0.0009 0.0012 
RMSE 0.fl5()2 0.0366 0.0347 0.04«4 0.7811 0.0126 0.0365 0.0471 
SD ratio 0.9816 0.9827 0.8704 1.0655 1.4097 0.9999 0.84n9 1.0009 
(C15) SEM size:2()0 96 cases converge 
mean 0.4709 0.4902 0.4983 0.4957 0.3746 0.4876 0.4881 0.4911 fixed 
bias 0.0291 (1.0098 0.0(117 0.0043 0.1251 0.0124 0.01 19 0.0089 
RMSE 0.1045 ().0o98 0.0698 0.0636 0.7983 0.0^76 0.0682 0.0879 
SD ratio 1.1120 1.0085 1.1055 0.9241 1.2480 0.9737 丨.(117(i 丨.2102 
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Table A.21: Simulation Result of the Classical approach (AlO, BIO, CIO) 
Design Parameters 
b-n b22 &31 532 Sin 551 
true value O D O n U M OTID ^ O o [T^ ^ 
(A15) Classical si7.e:2000 87 cases converge 
mean 0.3463 0.3799 0.5935 0.4403 0.6921 0.5004 0.7869 0.4998 0 5597 0 1968 
-0.0463 -00299 0.0065 -0 0403 0.0079 -0.0504 0.0131 0.0002 -0.0097 (1:0032 
R^ISE 0.1569 0.1243 0.0307 0.1422 0.0294 0.1627 0.0338 0.2533 0 0538 0 0170 
Sp -at o 0.8044 0.8225 1.1358 0.8013 0.9511 0.7990 0.9337 0.6823 0 8?98 0 8 4 ^ 
(1315) Classical size:500 60 cases converee 
mfan 0 4308 0 4754 0.5633 0.5528 0.6377 0.6181 0.7514 0.5724 0 5860 0 1880 
bias -fl.l308 -0.1254 0.0367 -0.1528 0.0623 -0.1681 0.0486 -0.0724 -0 0360 0 0120 
RMSE 0.3426 0.2745 0.0886 0.3387 0.1195 0.3381 0.1228 0 3201 0 092 0 0393 
SDrat io 1.0763 1.0521 0.9985 1.0836 0.9620 0.9276 0.9553 0.6869 0：8772 0 7607 
(C15) Classical si7e:200 52 cases converge 
m p n 0 4435 0.5231 0.5204 0.5960 0.fi020 0.6608 0.6968 0.5837 0 5843 0.1943 
,bias -0.M3O -0.1731 0.0796 -0.1960 0.0980 -0.2108 0.1032 -0.0837 -0 0343 0 0057 
忍 M S ? 0-4474 0.3899 0.1801 0.4728 0.2797 0.4929 0.2386 0.4036 O . S K 0：?5?6 
SDrat io 0.9611 0.7715 (1.5n91 0.7725 0.6882 0.7384 0.5524 0.7339 0.7672 0.6935 
Design h'arametf;r.s — 
, 0-3 083 (p22 而 2 <?33 Ai A j T3 
t 賺 value niiTl O D WM OT) (Tr^ O H TUD iUm 0 0 ~ 
(A15) Classical si7.e:200(l 87 cases converge 
iTK^ an fl.fi055 0.3024 0.4044 2.8871 0.4171 4.9892 丨.4000 3.0202 4 9954 
-0.(1044 0.1129 0.0829 0.0108 -0 .4000 -0 .0202 0.0046 
J JV 丨 SE 0.0416 0.0268 0.0403 0.2944 0.3579 1.1037 0.6343 0.2921 0.4906 
SDrat io 0.9170 0.7913 0.8036 0.8660 0.7503 0.fi779 24.5047 46.7946 78.3074 
(B15) Classical size:500 60 cases converge 
rm^an 0.5961 0.3068 (1.4216 2.744n 0.2742 4.fi543 1.864.3 2.7146 4.6554 
& Sn2o? ；?.0068 -O-pifi 0.2555 0.22n8 n.3457 -0.8643 0.2854 0.3446 
RMSE 0.0991 0.0410 0.0541 0.6840 O.fin.Sl 1.43% 0.7944 0 8154 
SD ratio 0.9500 0.6644 0.7721 1.07:V2 0.9546 0.829-1 20.667o 3o.905() 38.4485 
(C15) Classical .size:200 52 cases converge 
0-^728 0 3078 0.4322 2.6594 0.1539 4.5960 2.019(1 2.663(1 4.5053 
S'S??? f n a o ^ 0.3406 0.3.1(51 0.4040 -1.0190 0.3370 0.4947 
^IVISE 0.2113 0.0937 0.0744 0.8481 0.8448 1.6381 1.4012 1.0845 1 0202 
SDrat io 0.7585 O-nO^O 0.8675 0.8220 0.8706 (1.8317 12.4220 21.4716 19.1378 
Design Farametora — 
value O O ( O Dli O O (TTn 07； [ T R l ~ 
(A15) Classical si7.e:2000 87 cases converge 
0-4919 0.5020 0.4977 0.5014 0.7233 0.4960 0.4976 0.4959 fixeA 
bias 0.0081 -0.0020 0.0023 -0.0014 -0.2233 0.0035 0.0024 0.0041 
RMSE 0.0395 0.0189 0.0217 0.0209 0.4120 0.0265 0.0204 0.0280 
SD ratio 1-0213 0.9908 1.0588 0.9211 0.3282 1.0189 0.8439 0.9165 
(B15) Classical .size:500 60 cases converge 
mean 0.4529 0.4921 ().48fil 0.4849 0.8-lfi9 0.1708 0.5032 0.4828 fired 
bias ().(M71 0.0079 0.0139 0.0151 -().;M(i9 (1.(129.2 -0.0032 0.0172 
RMSE 0.1377 0.0-173 0.0503 0.0631 0.5927 0.062-1 0.0390 0.0556 
SU rat.i() 1.1504 1.05.11 i.‘2fi47 (Ufim 0.8；«6 0.9591 
(C15) Classical si7,e:200 52 cases converee 
mwin 0.3914 0.4690 0.4955 0.4829 1.07.2.3 fl.4o89 0.-1871 fl.4579 fixed 
bias 0.1086 0.0310 0.0045 0.0171 -0.572.3 (1.0-111 0.0129 0.0421 
RMSE 0.2199 0.0923 0.0f.o8 (U 體 1 0.844:2 0.1242 fl.072fi 0.1070 
SDrat io 0.9108 1.1089 0.9279 1.0816 Q.n .m 1.023-1 0.9543 1.0365 
73 
Table A.22: Simulation Result of the SEM approach (All , B l l , C l l ) 
Design Parameters 
‘^！! &22 ftJT 532 S^l Cfi! 
true value O D 0 5 (m ) TTTD (Tin O H 0311 (T^ 
(A16) SEM si7o:2000 110 cases converge 
mean 0.3133 0.3610 0.5971 0.4143 0.6964 0.4611 0.7978 0.5117 0.5475 0 2010 
bias -0.0133 -0.0110 0.0029 -0.0143 0.0036 -0.0111 0.0022 -0.0117 0.0025 -0 nOlO 
RMSE 0.0783 0.0594 0.0132 0.0644 0.0139 0.0705 0.0137 0.0902 (1.0190 0 0132 
SD ratio 1.0581 1.0869 1.0484 1.0309 1.0203 1.0192 0.9634 1.0714 0.9809 1.0334 
(1316) SEM sizernOO 109 cases converge 
mean 0.3292 0.3772 0.5916 0.4272 0.6929 0.4771 0.7948 0.4769 0 5429 0 2017 
bias -0.0292 -0.0272 0.0084 -0.0272 0.0071 -0.0271 0.00「)2 0.0231 0 0071 -0 0017 
RMSE 0.1908 0.1415 0.0332 0.1525 0.031 cS 0.1692 0.0341 0.2229 0 0419 0 0276 
SD ratio 1.1933 1.2459 1.2418 1.1764 1.1218 1.1658 1.1430 1.3044 1.1322 1.1053 
(C16) SEM si7.«:2fl0 96 cases converge 
mean 0.3183 0.3804 0.5913 0.4147 0.6949 0.4694 0.7913 0.4235 0 54o3 0 2067 
bias -0.0183 -0.0304 0.0087 -0.0147 0.0肪 1 -0.0194 0.0087 0.0765 0 0047 -0 0067 
RMSE 0.2561 0.1664 0.0447 0.1888 0.(14fil 0.2170 0.0577 0.3352 fl 0fi02 0 042(1 
SD ratio 1.0496 0.9389 1.0919 0.9533 丨.(19(10 0.97fi9 1.2439 1.1449 1.0550 1 "o862 
Ufisign Paramfiters — — ~ 
. ^71 073 083 (p22 032 033 Ai Ao T3 
tnie value ( m i (OH O H i m i fTT^ nIKl OTn -Tmi (OT)~ 
(A16) SEM .size:2000 110 cases converge 
tw^an 0.5993 0.3023 0.4031 2.9551 0.4600 4.9612 1.0207 2.9795 -0.02fin 
bias 0.0007 -0.0023 -0.0031 n.0449 0.0400 0.0388 -0.0207 0.0205 0 0265 
RMSE 0.0185 0.0173 0.0214 0.1570 0.1779 0.4751 0.0864 0.1102 fl.l3fi6 
SD ratio 1.0235 1.0531 1.0459 1.0739 1.0603 1.1301 1.0786 1.0815 l.OISfi 
(B16) SEM si7e:oOO 109 cases converge 
mean 0.6021 0.3009 0.4013 2.9453 0.4516 ,5.(1974 1.0589 2.9210 -0.0534 
bias -0.0021 -0.0009 -0.0013 0.0547 0.0484 -0.0974 -0.0589 0.0790 0.0534 
RMSE 0.0378 0.0379 0.0498 0.3866 (1.4113 1.0772 0.2684 0.3648 0.4028 
SD ratio 1.0606 1.1999 1.2686 1.1612 1.1829 1.2292 1.5fi24 1.3923 1.4294 
(C16) SEM size:200 96 cases converge 
mean O.fiOOl 0.299:2 0.3960 2.9456 0.5698 2.89fi8 -0 0488 
bias -0.0001 0.0008 0.0040 Q.Qr,4A -0.0(i98 -0.5133 -0.0ofi2 0.1032 0.0488 
RMSE 0.0fi77 0.0529 0.0647 (1.5437 0.581；^ 1.7841 0.42fio 0.5647 0.6332 
SD ratio 1-1790 1.1157 1.1078 1.fl‘2恥 1.05.11 1.1：^-19 1.5516 1.2605 1.3874 
Design i^arameteis 
, 气！⑶ e.(4,4) idSiii) Ge(7，7) 0,(8,8) " 
true value (Tn O O (Di O ^ rTn O (TTO~ 
(A16) SEM siw:2000 110 cases converge 
ni<^ai� 0.4928 0.5005 0.4993 0.1992 0.5227 0.0029 0.5008 0.4972 fixed 
bias 0.0072 -O.OOOo 0.0(1(17 (1.(1008 -0.0227 -().()fl29 -0.0008 0.0028 
RMSE 0.0309 0.0198 0.0187 0.0212 0.2589 0.0227 (1.01(58 0.02r.() 
SD ratio 1.0335 I .()fi82 (l.(J426 0.9807 1 .()9(i8 1.0888 ().83n() 0.9910 
(1316) SEM si7(-50() 109 cases converge 
iTHiaii 0 .4874 0 .4075 0.506-1 0.4997 0.3953 0.49fi3 0 .4937 0 .4946 fixed 
bias 0.0126 0.0025 -0.006-1 0.0(103 0.1047 0.0037 0.0063 0.0054 
RMSE 0.0627 0.0350 0.0383 0.0434 fl.fi247 0.0438 0.0453 O.Ooofi 
SD ratio 1.0383 0.9400 0.9396 0.9977 1.1655 1.0879 1.1093 1.1137 
(C16) SEM .sizo:20n 96 cases converge 
mean 0.4864 0.4941 0.5035 0.4849 0.1120 0.5132 0.4971 0.4977 fixed 
bias 0.013fi 0.0059 -0.n035 0.01 nl 0.3880 -0.0132 0.0029 0.0023 
RMSE 0.0922 O.Ofil? 0.0668 0.0730 1.2075 0.0662 0.0683 0.094.1 
SD ratio 0.9513 1.0472 1.0511 1.0573 1.1259 I.Ofl.l? 1.0445 1.2093 
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Table A.21: Simulation Result of the Classical approach (AlO, BIO, CIO) 
Uesign l-'arameters 
, ^31 b32 feai O42 STi 5^1 5 i i ~ 
true value O D (！：：?^  fO^ U m HTm (RTi ( m i (T：?^  (Ton 
(A16) Classical sizp:2000 90 cases converge 
mran 0.36fi3 0.4035 0.5863 0.4662 0.6834 0.5212 0.7822 0.5330 (] nfi08 0 1979 
bias -0.0663 -0.0535 0.0137 -0.0662 0.0166 -0.0712 0.0178 -0.0330 -0 0108 0 0021 
RMSE 0.1667 0.1277 0.0289 0.1-)37 0.034fi 0.1718 0.0354 0.2544 0 0492 0 0159 
SD ratio 0.8293 0.7991 0.9045 0.8291 0.9512 0.8272 0.8749 0.7965 fl'8465 0 8287 
(B16) Classical size:5fl0 61 cases converge 
mean 0.4121 0.4795 0.5531 0.5324 0.6661 0.5830 0.7507 0.5774 0 6212 0 1746 
bias -0.1121 -0.1295 0.0469 -0.1324 0.0339 -0.1330 0.0493 -0.0774 -0 0712 0 0254 
RMSE 0.2993 0.2581 0J175 0.2809 0.1172 0.3247 0.1397 0 3328 0 2102 floS' 
SD ratio 0.9252 0.8806 1.0414 0.8729 1.1120 0.9297 1.2025 0：7665 10172 0 9135 
(C16) Classical size:200 47 cases converge 
0.5269 O.o3fi9 0.6185 0.5806 0.6441 0.7355 0.6131 0 6150 0.1775 
-O.Um 0.0631 -0.218n 0.1194 -0.1941 0.0645 -0.1131 -0.0650 0.0225 
RMSE O.53O0 0.369； 0.2033 0.5058 0.2930 0.4984 0.2673 0.3480 0.2590 0.1176 
SD ratio 1.2454 0.89fi’3 0.8335 1.0731 0.9362 0.8774 0.7447 0.8742 0.7843 0.6453 
Design l-'arameters 一 — — 
, _ _ 073 083 022 032 033 Ai Ao A3 
true value (OK] O O fJ：^ XITO TT^ f^T JOKl TIKI J M ( m i ~ 
(A16) Classical size:2000 90 cases converge 
mean 0.fi049 0.3042 0.4106 2.8611 0.3643 4.882n 0.9503 2.8595 -0 1124 
bias -0.0049 -0.0042 -O.OlOfi 0.1389 0.1357 0.117.=) (1.0497 0.1405 0.1124 
0.0486 fl.02fifi 0.0390 (U 丨 74 0.3846 1.0807 0.2820 0.2738 0.3159 
SD ratio 1.0781 0.8680 0.8323 0.8912 0.8271 0.781(J 27.8370 71.0173 92.6817 
(B16) Classical size:500 61 cases converge 
m^ari 0.5875 0.3153 0.1207 2.8422 0.2500 4.7008 0.8607 2.734fi -0 2001 
-0.0207 0.1578 0.2500 0.2992 0.1393 0.2654 0.2001 
R^ 'SE 0.09o2 fl.0-160 0.0572 0.5862 1.3359 0.3796 0.5035 0.4750 
SD ratio 1.0654 0.79^2 0.8769 0.9109 0.9015 0.6944 10.5631 31.2779 32.9217 
(C16) ^^Classical si7.e:200 47 cases converge 
m p " 0.2999 (l .«70 2.5008 0.丨 388 4.5842 0.8329 2.3890 0.3095 
D ^ C L -0.0370 0.4992 0.3612 0.4158 0.1671 0.6110 0.3095 
l^MSg 0.2672 0.1300 0.0720 1.1273 0.9.1T2 1.667fi 0.6492 0.8424 0.5836 
SD ratio 0.7231 0-6122 0.9803 1.2862 1.1181 1.0632 21.4785 18.4660 
Design Parameters — 
tri/: value O ( O O ( T ^ O O O (Tn { T t n ~ 
(A16) Classical size:2000 90 cases converge 
0.4811 0.4999 0.4983 0.4989 0.7138 0.5002 0.498<J 0.4921 fixeA 
0.0189 0.0001 0.0017 0.0011 -0.2158 -0.0002 0.0011 0.0079 
RMSE 0.0418 0.0198 0.0210 0.0219 0.4331 0.0281 0.0213 0.0307 
SD ratio 0.9494 1.0-140 1.0241 0.9738 0.4357 1.0895 0.8837 0.9896 
(D16) Classical size:500 61 cases converge 
m(^an 0 .4334 0.4898 0.4971 0.4981 0.88-19 0.4520 0 .5009 0.4802 'fired 
bias 0.0666 0.0102 0.0029 0.0019 -0.3849 0.0480 -0.0009 0.0198 • 
RMSE 0.1860 0.0407 0.0398 0.054-1 0.5309 0.114-1 0.0579 0.0609 
SD ratio 1. Mfi9 0.987(1 0.9l.W 1.1459 (1.30-17 1.04 11 1.24-1-4 1.0657 
(C16) si7e:20n 47 cases converge 
mf!fin 0.4266 0.4679 0.4(i70 0.4914 0.9823 0.4570 0.4913 0.4ofi6 RxeA 
bias 0 0734 0.0321 0.0:«0 fl.(108fi -0.4824 0.0450 ().()()87 O.O-J.M “ 
RMSE 0.1615 0.0747 0.1018 0.0908 ().92o2 0.r28(i 0.08o3 0.1281 
SD ratio 0-9988 丨 . 0 5 3 1 1.1558 1.(1587 0.9-130 0.8471 0.7700 1.3:^ 23 
75 
Table A.34: Simulation Result of the SEM approach (A17, BIT. Cl7) 
Ues\gn ib^ara meters — 
( 1 ： ! ^ ) ( � i a . a 丨 ( ？ ^ ( t e . a 
(A17) SEM size:2000 110 rases r o n w r 卯 
0.3026 0.3536 0.5996 0.3979 0.7012 0.4516 0 8012 0 49^T ol^Q'i 0 2004 
„bias -0.0026 -0.0036 0.0004 0.0021 -0.0012 -0.0016 -0 0012 0 0049 0 000^ 7,0004 
l^MS 与 0.0407 0.0347 0.0207 0.0355 0.0241 0.0347 0 0240 o S SoSs? 0 0 2 ^ 
SD ;a t ; o 1.02(19 1.044,5 0 . 9 _ 0.9926 1.0897 0.8960 0.9750 L m l H l S ? ？：0534 
( ⑴ 7) … � b E M Ri5^e:500 101 cases convpr昨 
？ 謹 2 • 恐 ？ iil^ 0 . 搬 8 0.3830 0.6958 0.4392 0.7950 fl ?640 0 5562 0 1937 
滥 S二 S S ； S 二 目 二？？ S S ！!= - H i ： 
！!-2724 0.3433 0.5765 ‘(U7(S8 0.6825 0.4332 0.779^ 『 s ^ n v e r g e 
0.0276 O.flOfi? 0.0235 0.0212 0.0175 0.0]69 0 0206 0 0870 0 OOQ^ n noof 
RMSE 0.1259 0.1067 0.0735 0.1422 0.0847 0.1255 0：0936 flS Sog i ? 
SD r a t i o _ _ _ _ 1 . 0 2 9 4 1.1233 1.2403 1.2147 1.(1(173 1.2262 1.1^18 ？ ; S { m l 
Design h^aranieters — — 
t " / 二 O . W ) ( u o (TTin rrro ( k r S i n r n — — A ) A 
(A17) SEM si7e:20n0 110 cases converffP 
V a m v V n l W 鄉 l.fllfil 0.%90 3 ' T o 2 1 6 
RMSF n n o y j n n T r n n f . l ⑶ 謂 - 0 . 0 1 6 1 0.0310 -0.0063 -0.0216 
SD aUo ？'0599 ？ n o S ^ n i r r ？ ？ 想 。 孤 ？ 。.？丨’，了 0.2810 0.0961 0.1450 
丨川 87 1.1148 1.1090 1.034.'^  0.9757 
mean 0.6051 0.2935 0.3961 S S 0 54M 10890 Q9C^R 
^^ - 二 冗 ！ ！ 二 -二3cl、5 - S o oS = 
KIVI:3L ()-()o49 0.0498 (1.1197 0 1575 0 3680 0 n iq=;o n 
S D r a t 。 0.913。 1 遍 7 1.0,182 0.9142 O.grlg'。 ？ : 0 ： 9 ? 7 9 U l t l 
[ ^ 1 7 ) b h M s ize'200 o o 广 
： 〜 “ = 4 L I ? ? ；I S ‘丨n.O⑵9 0.O889 1.32(10 1.0538 ' " ^ ^ ( ^ ” “ ， 
R K f � F " n i S a m l l 2•旧?2 偏 9 -0.0889 -(U2fi。 -0.0538 -0.0221 .0.0fi41 
q?) ？ i J i . A ^ l n ？ 0 . 2 0 9 2 0.309f. 0.8116 0.8993 0.3230 0.6153 
阳「a t io 1.2543 l.1n5() 1.0930 0.9774 1.2262 1.2687 0.9471 0.8085 0.9610 
Design l-'aramoters ‘ — 
(A17) bhM size.2000 l l f l r 
0 二 、 ， ‘ - ) 0.48G9 0.5015 0.5006 
SS；?^  o-oooo -0.0002 (1.0 ⑶ -o.oni,^  -o.ooofi o.onni 
S ? ) 》 丨 〒 ？ n a n ？ . ？ 识 ？ 0 . 0 2 0 2 0.098.5 0.0217 0.0201 0 . 0湖 
SEM 1.0882 1.10-11 1 . 0 _ 1.17=.；^  
S•二f ； ! .湖 0 . 4 4 , 5 丨溫 c a s ^ J J J ^ v e r g ^ 
R〈'l^ r nn^-n nn?r 冗 ¥ — 。 . 。 。 丨 ： 丨 。 。 ’ 讯 、 （ 丨 施 . 、 - 0 . 0 0 3 6 力 
S^) L t � n m ⑶ ？ ; H 义 0 . 0 搬 O.lSfil 0.038.1 (丨.0.100 O.fllOl 
S l ^ r a t o 1.0195 丨 . m 8 0.9392 0.9201 0.9867 0.9fi9fi 0.9861 0.9.1^1 
( d 7 J bhM Qi7n.9nn oo 
S 0^0 ,9 7 k m 0.2467 0.4954 - ^ ^ - - e r g ^ 
R、 4 ^ S'?n?7 •。.⑴’•^。 0-25,13 O.OO-ir. 0.0072 0.()03S 肿 
S?) L , 斤 ? ? o n f ^ / n ？ • 恐 0 . 0 7 丨 2 0.4951 0.060-1 0.0618 ().(!腹 
- 叩 ' 咖 LlLM9 O.SfilO 1.0732 1.0508 1.35-n 0.9S2I 0.9554 丨.2070 
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Table A.35: Simulation Result of the Classical approach (A17, B17, C17) 
Uesign h'arameters 
I ; 盟 , e ( S . a - l i l a 二 (Hn ( S I ( S ) ( f-
(A17) Classical si:'.e:20fl0 63 cases converge 
？ean 0.3^089 0.4947 0.5734 0.58,34 (1.6727 0.6264 0.7735 T % 7 3 0^6407 0 06=51 
T b S J O 。 ， 0 纏 二 J 。 0 . 川 7 ,.0373 0.7,57 0.4720 二 S 
# i I J i H I I H i i i i i l i i 
j m L i i i i i i i i i i r i r i i 
uesign h'arameters 
0 二 = 0 ‘ 谋 I 0.4309 0.7846 3.78?2 
s 站 。 化 ， , a 』 i 議 。 細 么 二 0 施 ！ ! ： 溫 ？ ^ ^ 品 悠 
o f i n S i S (！^ 二 I n ^ 0. . .90 0.7848 ： 二 ， $ 言 二 verg^ 
RMSE o S i n n ^ ； ? 。 ' J • ？ — O 。 刚 。 . ‘ ^ [ 、 ？ -2.fi(i-lo -0.5718 fl.4fi92 
SDraUo ？•？9? o'???? S o n - n f ^ l ^ 。 . ？ 通 。 . 巧 ： 仰 3 . .窗7 0.9009 0.8509 
( C ? ? 。 � . ， 丨 assic^ al丨 7丨 3 0.9 丨⑴ 必(丨⑶丨 9.3592 13.2748 
= S . 溫 ； = i = T f 。 . 5 7 m 0.9.74 “ 忍 c 二 ; j v e r ^ 
R M I E nSfi4« n a S ? —n。. _ -。。了丨《 0.0826 -3.4319 -1.3516 0.1458 
SD aUo Soso? a i l f l ？-IIS- ？；^ )“ 0.317。 0-4676 3.8094 1.8147 1.0897 
⑷ ' a t i o — — — — 0 . 狐 1 1-079, 1.0652 1.01,52 0.7825 8.9fl9n 9.3984 9.8873 
Design Parameters — — 
•I广7 "'classical' ' “..^3。 ^ 
R〈\�F 二 0 . 0 細 - 0 . 0 服 0.0128 -0.0002 0.0092 ^ 
？• ？？^f? 0.02,% 0.1784 0.0398 0.0270 0.0310 
S l ^ r ^ t o 1-11fi2 1 1054 1.1786 0.9232 0,5318 0.9260 1.1096 1.0541 
(Jt>i7) Classical <;i7P-=inn oa ^作。一 
Vats S • 恐 ？ 。_471« 0 0.5743 0.4890 “ 了 ？ ^ 縦 ^ c ^ e ， 
S m S ) S.2 ‘ 想 。 侧 , 丨 - 0 . 0 7 4 3 0.01 丨 ( ） 0 . 0 2 8 7 0.(1274 拟 
S?) a i S l S o M ? n V r o ? . 。 侧 7 0.2225 0.0610 0.0854 (】 . _2 
. I 丨 n-7fi89 0.8293 O.5O08 0.8173 l .MIG fl.97r, 
(ClT) Classical 01 
S - S ? ：! 二 i r 刚 0 . 5 6 2 5 0.4n49 (U；^ 
rS SoSSr SS^l ll.r):丨-(丨.0 临 丨 。 力 擺 （ 丨 ⑶ 
0.1<S.14 0.1147 0.1369 0.11,% 
⑷ ' a t i o 丨.20丨8 0.9fi28 1.0113 0.-1813 ().6(1fi3 0.9839 0.8359 1.247.1 
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Table A.36: Simulation Result of the SEM approach (A18, B18, C18) 
iJfsign Parameters 
# i i j i i 1 i i i f i i n 1 
# i j i 1 1 1 i i i i i n n § 
J L J U i L J l A l L J l j D l I t j t 
ueaign Parameters — 
= i i Hi Hi ill — 二 
滥躬seJ:?溫 IE ？ ？ ？ ： ； 溫 
# i J i i i 灣 • 1 n i l 
= 3 ；!.溫；[S.：^  ？O.r.,81 1.7043 (a，cor广ge 
SD _ _ _ _ M I U _ _ L L 9 9 5 0.8998 ？.09^9 i:品?:j ？：認】!!：9^76 ？：溫3 
Uesign h'arameters 
(A18) SEM . - J . - ^ n ^ 
RMSE So?fi2 f S - 。.0‘27"" -O-OOfM 0.0023 “ 
SD r u i o S'Si?? 0.0188 0.1-157 (1.020‘丨 0.0194 0.0224 
n A c;「M 1 ' 彻 8 75 1.115.1 1.0627 0.9953 1.0381 
AO； bbivl i,、n 
memi fl.49,34 0.4951 0.4994 4992 ( n m 0 4004 n i JS? ^只呂》〜斤?—nverg二 
H f^^  溫 ^^ ；].!；，IP •丨⑵ — 
SD ru i n 1 1217 S q S i 、 ) . _ � （ ) . 權 3 0.0406 0 .0:晰 0.0430 
"^is 0.9755 1.221 1 1.0419 0.9773 09971 
( d O j bbM cjyp.onn on 
0.-1894 0.4952 (U879 'q 'AS -0 047-1 0 -1959 0 """"'If ^nTr ' ^ ' ^ ' r ^ 
SD atio O'Sfi a ^ r S n o - i ？.。'？’， 丨 丄 f l . 0 r v 2 - l 0.0690 fl.OfiSfi ⑴ — — — — — 0 . 9 .(14 ().9.t/8 1.1188 1.2617 1.02:^3 1.(1779 ().9%8 
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Table A.37: Simulation Result of the Classical approach (A18, B18, Cl8) 
~Uesign Parameters 
value ( m i ~ ~ n <hU uVi. 二 > d e , ' 
(A18) Classical si 二 ： ^ ( r a j — 
mean 0.3055 0.4421 0.5993 ‘0 '= i lG n r.R-^ 7 n- i-a 。 c : a ， s converge 
bias -0.0055 -0.092] 0.0007 -J ! V S 册 2 化 ^ " 丨 0.1047 
RMSE 0.0776 0.1779 0.0698 0 2272 J.J 溫 ； ？ ^ ! a n i l - 彻 ⑷ 0.0953 
SD ratio 1.0283 0.8946 0.%M 0486 09980 fy?? ？ 认 ？ 0.1759 0.2527 
(B18) Classical s 7 二 0 . 9 9 8 0 1.W22 1.1109 0.6503 0.9796 0.8842 
mean 0.2536 0.5825 0.6721 'n Vfio^ n 8•识fi n k-a-^  ^。-八？呂 cases converge 
bias 0.0464 -0.2325 -0 072 f； n ' ln iv 0.5492 0.7377 -0.1121 
RMSE 0.1455 0.7640 0.3555 n S n'" S -O.OW7 -0.0492 -0.1877 0.3121 
SD ratio 0.9598 0.4519 fl； ?48 0 3974 L'n-o n'^oi 。.丨 0.7623 1.0329 
(C18) Classical ^ t f o n n 化机0J437 0.6702 0.4201 0.4185 
mean 0.2190 0.3991 1.0955 'n'4^10 n n „ c a s e s converge 
bias 0.0810 -0.0491 -0 4955 - i f A q 0.4538 0.4941 0.1776 
RMSE 0.2463 1.5941 7926 O f i n l S；?^^ f ^ ^ J f " "204 0.04fi2 0.(1,湖 0.0224 
S D » ~ a t i 。 , 細 6 0 . 術 認 思 二労 S:溫；？認 g :溫 g：^ 
~~uesigii Parameters 
"••IP v^ l^MP / m i ()%• f丨？丨 ；f•”丨 • ， . A. A2 ~ ~ 
(A18) Classical ； J ； ^ ™ ^ O T T " 
mean 0.6283 0.2840 0 4670 ‘ i n i n h . i o 45 cases converge 
bias -0.0283 0.0160 -O o S o Q q\% 2 二 ？ 义 义 想 5 2.9467 %.0121 
RMSE 0.1576 0.2153 0 0S75 n ,4<?q n^.if. 。？’仍 0-0533 0.0121 
SD ratio 1.0191 0.9456 S:So70 n JS r J 义 S T 0-219o 0.1786 
(B18) Classical 化 8962 0.6401 31.6872. 27.5757 33.4622 
mean 0.6679 0.14]5 0 4=i,Sl n o，r^，， 38 cases converge 
bias -0.0fi79 0.1585 -OOM = 、 2《冗 i 2.7774 (1.0855 
RMSE 0.4185 0.8793 Q m O n S S o ? - ? 义 ？ 想 H ^ V . "-2220 -0.0855 
SD ratio 0.5498 0.6338 0 7.V?7 S . 愁 ? J ^t^r' 2.；!.：?。 (1.4475 0.2741 
(C18) Classical • ； 0 . 7 - h o 0.fi.-,8fl 丨 9.1203 13.29RG 11.丨 452 
^Im S ] 忍 ( ! 、 1 浮 ( 脳 2 0.9,09 ( U T ^ c - ^ ^ v e r 臂 
RMSE 二 9 ? 《9, t S ? S P S ' ？ f l ^ ( ) � _ 01319 
SD ratio 0.5486 0.6481 i n n ？ n ? ' S'^：?： 丨 0 - 7 8 3 9 0.6727 
— l.CMvi 0.8-117 14.0-lfi3 10.4917 10.7879 
~Uesigt i 
(A18) Classical ’ 二；^OOO ^ ^ ― 
mean 0.4679 0.4R69 0 49G1 n ^im9 n n m i " 45 cases converge 
bias 0.0:321 0.0131 3品( am\l 义;^丄” P . 收 f i x e d 
RMSE 0.0810 0.0226 0 0 ' n n o J f r t ^ 、 丨 丨 0 . 0 1 8 0 
SD ratio 1.0833 0.8.37 . ? 溫 S . S S J ' ？ 。侧《 ⑶ 现 
(BIS) Classical s t S l ^ 丨肌丨？�.裏謂7 
mean 0.4882 0.4492 0 4798 'n ar；" „ 38 cases converge 
bias 0.0118 0.()o08 0.0202 Sn r ' J ？ifq J^；；? 2.； ?^：} 0-^735 ^fir.eA 
RMSE n 1249 n 119n n nn , , 训 -(1.09l/i 0.0321 0.0 76 0 0265 
SD ratio ？.1 79" 2：9 fi? S • 怨 IT^V ' S . ‘ 1 S ⑵ 。 . 。 識 
(C18) Classical , m 卩 ] 厕 1.0fi2.1 0.988^ 
0.4682 (1.4502 0.4184 ‘0 4640 n n converge 
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Table A.37: Simulation Result of the Classical approach (A18, B18, Cl8) 
~Uesign Parameters 
0.0430 0.0354 0.0190 S Z o ' o^fl'" 3 Oo'At - 工 。 。 ' - 】 . 請 朋 
0.2993 0.3563 0.5917 '04024 n n 。 c a s e s converge 
？ s ^ ^ 二 HI Hi : i 丨 s 二 = 
r j ipn 0.2960 0.3605 0.5926 'o 408n n fiSM n i7nn 。 c a s e s converge 
r S ^ ！!:??巧 Hi : 方 ； S S = 
SD ratio 0.隨•i^^^^-lliLJiMLJlLJlLJiMLJlLilfjlL 
~ u e s i g n P a r a m e t e r s 
tnie value r r ^ ~ ~ j ^ l i ( n o ~ ^iui j f ' j i f?,^. Ao ~ ~ 
mean 0.5973 0.2990 fl : m 8 ‘ I nnio n - ,70 , n 110 cases converge 
bias 0.0027 0.0010 0' ( |S o o n i i nm-o k ? ^ 0 . 9 細 l o i 7 4 
l^MSE 0.0279 0.0251 Q ^ m 0 S f i ； = ' . ? "0.0008 -0.0174 
SD ratio 0.9518 0.9439 0.99 8 1 n«? norm 。.‘2.、" 0.1032 O.HO-1 
(B19) SEM 0.9胡0 0.9493 0.9fi<S9 ' 1.0812 0.9980 
mean O.fiOlfi 0.2947 0 3970 n'?] " n -qqq , n,、。- 101 cases converge 
^bias -0.0016 0.0053 0. (, S -0 0 识 二 ] ^ 2-9984 2.9919 lo3f l9 
号 (1.0615 0.0484 O.O-MO 0 m n ' S f^^Sr 0.0081 -0.0309 
SI^,)二m 1.0800 0.9448 0.9ol0 240 V o v a 2 cl 0.1973 0.2fi4fi 
( C 1 9 ) SEM 】•(),训 （).抓讯 0.9248 0.997.5 0.8879 
tyiean 0.6239 0.2770 fl 3885 n'/so n rr-, ,。，‘,， 90 cases converge 
-0.0239 0.02.30 fl fliV5 n ' ^ o ？ ' - ^ ' ^ f i 0.9786 2.9989 5.0903 
斤 I S E 0.1041 0.1007 (I 0J. 0 0 2 ,0 , t ' ^ U t r i m ？ ; 。 糊 】 彻 9 0 3 
⑷ 丨 . 腳 ？ a g 丨：二 
Uftsign Parameters 
(ai9) SEM fnH~~nrfrr-
r^ar丨 0.4999 0.4968 0 5033 n rinn^ n ,、，。。。 110 cases converge 
bias 0.0001 0.0032 .0 0033 nS?nr 2 n o m 0.4991 ^fixed 
RMSE 0.0225 0.0178 0 S o f S - r”.旧;^ 义W口 -().。肌、0.0009 “ 
SD ratio 0.8600 0.9713 m S S •”(，¥ 。 仙 1 0.0201 0.0189 
(B19) SEM ⑴ 88 0.998, (1.9377 1.0745 � . _ 5 0.8869 
mean 0.4877 0.5058 0.r,fl()] ^ f ^mo n i.广- r^,n,,、 101 cases converge 
bias 0 . 0 ⑵ - 0 . 0 0 5 8 . ) ifl ) i n , i 、 ” ！ ^ " ) ( ) . 视 0 ^fixed 
RMSE 0.0534 ( ) . ( ) : 細 （ S 义 丨 ， 巧 續 ） O . O O O I 0.0020 』 
SD ratio 0.9869 0.M15 ？{^oi'fi 9 义 ， 。 0 . 0 4 3 2 0.041-1 
(C19) SEM I "•^•！,'；, 1 几 1 . 0 7 9 2 0.978-1 
mean 0.4905 0.483.1 0 4们<1 n lan n ,00 ^ . 90 cases converge 
bias 0.0095 fl.Olfifi oor? n mor : 丨 。 义 ‘ 刚 2 0.49K) 0.-1952 ^ fired 
RMSE 0.0902 0.0544 S'SSgg 二 ? ” J I ' ： ^ ? ' 义 0 . 0 0 9 0 0.00^8 _ 
SD ratio 。 . ^ ？ ; S 
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Table A.39: Simulation Result of the Classical approach (Al9, B19, Cl9) 
uesign h'arameters 
盐 , e 0.!/u . SI (1：^) a a Si fed t . 
(A19) Classical size:2000 48 cases converee 
0.4402 0.5948 0.(5184 0.8010 0.6421 0.8309 S r 0^094 -0 2511 
- = ^ss? 二 二 】 - S f t 
r a n 2-2241 0.3461 0.6173 'o.4381 0.7959 0.5125 0.8592 0 1477 
- s � H � � ^ { y g � =徽 : 
H E i i? s H 徵 - 溫 r i i r 為 1 , � = 
1 丄 勵 L u.l«y、1 ( , • 晨 1 0.2(539 0.4 72 0.3(529 0 345'^  n oqnn n lor.n noM' i n ^r--
SD r a t i o _ _ ( L ^ _ _ ( L M 3 9 _ _ 0 - 7 7 7 8 0.9887 0.8874 L o j a i jj:溫？ 0；8607 o f m 
uesign Parameters — 
. s a A A . I 
( A i y ) ^ Classical size:2000 48 cases convprep 
mean 0.6526 0.1937 0.4610 l 0218 0 4023 0 7*^ 71 ^ 
； s s ^ - s • I s t l i B 
r ^ 删 0.5494 0.3393 0.4622 0.5fi‘1‘2 0 8784 4 ^ilfi, cases coi^verge 
Rb^JllE 0?994 f ' f ? ^ -0^344 -0.0642 ！1；?2?7 ^： S 
SDpaUo S i m n ? ? ^ ni^i 。.2 彻 。 . ’ 泌 5 3.9766 1.8978 0.9540 
i r j 。 O - ' l ' c k s i 』 .严 3 15.2684 16.6814 .5.9492 
= 9 S.溫’2 ？ 溫 。 0 . 5 . 8 , 0.9.93 4 . 8 4 ? 广 s t S v e r g , 。 猜 
RMSp -(284? S . ? 化 - 0 12<)8 -O.O-ISI 0.0-107 -3.8432 -1.3598 0.0433 
SDrat io 1 •溫 f S ' yS ? "' iSS? O-^olfi 0.5587 4.4865 2.058.^ 1.0075 
⑷ ' 咖 — — — — ( 1 1 2 1 2 0 /985 0.8835 0.fil87 11.3647 11.3887 9.3365 
Ufisign Parameters 
( 二 ） 0 4 7 ( S l a s s i : . 。 。 二 48 c a s J S n v e r g e " " 
= 2n29S S S , Sn-^ • O.ofiGfi 0 . 挪 7 0.0012 0.4893 ^fixed 
R S I F n i?7f i 冗 5 ? S'Sr'^ o" -O.flfififi 0.0143 -0.0012 0.0107 
a i l / S S i i l 0.0418 0.2093 0.0463 0.0204 0.0.T2-! 
0.9241 0 969.) 0.66(13 1.2.113 0.4926 0.2238 0.8804 丨.1325 
(B ID) Classical cjyp.cinn aq 
r r ' i ' S i V a ^ f . 。 . 娜 丨 。 《 • 0.48a(l 0.48t2〔^^工^ 二 - r g e 
o f e H q 7 7 nS . ? ⑶ ⑷ - 0 - 1 1 9 8 fl.OlnO 0.0108 0.0： 力 
S n ^ ^ L ？ S s q - 5 义 5SS ( 丨 脳 9 。.‘2丨。7 。 • ( )偏 ( l .O f i f l-1 0.0694 
T c S , 一 。 。 . 細 。 . 湖 眾 （ ) 綱 
" S T a i n i Vnf.'o ？ .彻 3 温 0.5706 0.4530 (1.4M7 ^ 
R S ^ F S.?'S)‘， ().。 ’57丨-(1.070G 0.0470 0.0453 0.0.18 九 
SD ni^ai nar2 。.⑶了 0.2024 0.0982 0 . 1 2 " 0.1202 ⑷ latio 0.8305 0-76/^ 0.9690 1.143^ 0.3714 0.9829 丨.1661 丨.3073 
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Table A.37: Simulation Result of the Classical approach (A18, B18, Cl8) 
~Uesign Parameters 
= = S 溫 ？ ' 2 . = S = 0.2052 
RMSE 0.0380 0.0.325 0.0 4 H S S O m v o o ? ^ n n T o 巧 0 加 S -0.0052 
SD ratio 0.9103 0.9509 1.0197 0 g - n Q ^ ! ？ 0 . 0 7 2 9 0.0222 0.0348 
(B20) SEi\I 0.9o3- 1.0258 1.0091 1.0725 1.0044 
mean 0.3045 0.3549 0.5994 'o Vn=i8 n fiq?'? n A-nr „ cases converge 
bias -0.0045 -0.0049 0 0006 .0 nnfs n f n l ^ Vnn^- H E 】 0-4828 0 5454 0.2012 
RMSE 0.1000 0.0751 0.02 3 S ' S 0 0?34 二 愁 ！ l _ 0 1 7 2 0.0046 -0.0012 
SDra t .o 1.1329 1.0665 0.9129 0802 ？？识 n o o B S . S 2 。 0.0428 0.0687 
(C20) SEM ！ 卯 沾 0-9943 1.1642 1.0232 0.9720 
mean 0.2933 0.3465 0.5949 'n Vnofi n fisoa n i-i-r „ cases converge 
bi^s 0.0067 0.0085 Q . m ^ -0 0096 o m o ? flfTni- 0 % 2 n 0.1971 
RMSE 0.1166 0.11% 0.0759 0 1317 n inn n S o o " 0.1179 -0.0025 0.0029 
S D r a t i o 0 .88 ,4 1.122. ？:g 滥？：溫 g ？ g g 盟 ？ : • 翌 g ？：?巧 j O . m , 
~ U e s i g n ~ Parameters — 
(A20) SEM s b S ^ ^ ™ ^ ^ nTRT-
sS-^  ？s ？ s ？E : : fB - - = � 二 ? ； 
(B20) SEM "- fP i l 1.0S92 l.lfiSO . 0.8854 1.0774 
mean 0.5993 0.3076 0.3986 ‘ / S y n r,,-- , ,斤、••^ cases converge 
bias 0.0007 -0.0076 0 001 n nnV7 n n V " nnVA ^nTo^r. 2.9782 -O.OIfifi 
RMSE 0.0397 0.0784 0 9 。 丨 ? 工 ‘ ' "/' "f j '^ -广謂 0 0.0218 fl.Olfifi 
SD ratio 1.0024 0.9952 mtj S.比 1 .溫i ？.二？。 .�腳 0-2532 
(C20) SEM LO.WS l.lfi/G 1.1194 1.0690 1.1021 
mean 0.6080 0.2776 0 .3717 “ i n r n i- ’ r^ n-,、 74 cases converge 
bias -0.0080 0.0224 0 0283 n S n W H r^^ frC-t ' 2.9858 0.0588 
RMSE 0.0651 0.1184 Q m ' m l ' o i ^ ro ；0 . ? ?么 。。 .⑴42 -0.0588 
S D i a t i 。 0.9829 1 . ( K ^ g e ^ J J L j i S ？：丨�g 丨：滥g ^ ^ ？？認 j j ^ 
~iJes ig i i i^ararneters 
I I … " - 1 " 。 " ^ 。 U (o,.S) ( 3 > ( “ ） 。 “ 广 ~ ~ ~ F T — 
(A20) SEM si 二 00 ^ " V ^ ^ ^ 
mean 0.4998 0.4983 0 4996 n\nno n icnr- n 110 cases converge 
T b ^ O ? 。 . 删 S E M 。 棚 二 ； ？：丨 S ] S : = 二 9 7 0.022, 
mean 0.4987 0.4957 0n019 'T^qoo" n toiQ n ,r,。。 . . i i l converge 
= �t B : ---— 
' . C s e m I 。 " ' ' - - ？ : s ？ : s ？ s 
moati 0.4780 0.4872 n 4S.广 ^n^ui^ -n' .、 74 cases converge 
R 悠 二 ？ S-SiS : i 二 = f-. 
SDr- ；!:S 溫 ？ I S ; 结 ？ S 
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Table A.41: Simulation Result of the Classical approach (A20, B20, C20) 
Uesign ir^ arameters 
• r (端.丨仏（二 （i^  ；(忽丨 
(A20) Classical size:2000 58 cases converep 
0 3179 0.5676 0.5883 0.5832 0.6887 0.7405 0.8223 0 r,877 0 6795 -0 0242 
bias -0.0179 -0.2176 0.0117 -0.1832 0 0113 -0 2905 -0 0223 (1^77 n , 90= n oo^o 
RMSE 0.0722 0.5281 0.1282 0.5466 0 .320 0 8448 0'2828 (? i60O 0.291(? o f l t l 
SD rat;o . 0 5216 0.6162 0.6744 0.6546 fl.5細 0.7492 S . S ！1：50.33 ？:^275 
(B20) Classical ai^e:500 36 cases converep 
r ^ p n 0 3203 0 3118 0.5316 0.5407 0.8158 0.7997 0.7240 S o 0 ( H T M 
bias -0.0203 0.0382 0.0684 -0.1407 -fl 1158 -0 3497 0 n7fin n nsnn V n i ^ i 
RMSE 0.1509 0.8535 0.5927 0.9589 0 7 1 ^ 332 0 7338 0 S n o ^ f ft35n 
SD ratj。 。 . 9 � . 0 . 4 2 9 7 0.41,9 (1.425。 !1.«47 0 8 3 6 ！!：3748 E ! :溫 j o f m 
Classical s\7.e:2(]Q 33 rnnwr t r。 
mean 0.2782 0.1454 0.6894 0.1482 0 5697 0 2850 0 n ^^n. 
R 溫 E S•溫。8 0.2046 -0 0894 0.25,8 . 3 3 S: 二 -0.0318 = ！！：二 = 
KMbt . U.^.i/U 丨.lUjy 0.6392 1 .SOfif) 0 8724 i OOfi.^  n n'^m n iftoo n onon n ^ n^n-? 
SD r a t i o _ _ _ _ 0 - 4 5 8 6 0.4493 0.6218 0：^6?2 ^4^83 o'sTU 0：5^ 79 o ' m l 
Design h'aratnetor.s — 
. f S i ( f ^ a S ) a A , ~ ~ ^ 
(A20) Classical si7.e:2000 58 cases converse 
冗 a � n V m 4 ； ? i ' l o "nf义?^ 丨 。 棚 。 0 - 7 2 3 8 0.6o9-I 2.8532 ^0.0532 
n y l ^ q f n o ^ ^ 0.0980 0.2762 (U-lOfi 0.1468 0.0532 
K M b b 0.7339 1.4906 0.0855 0.1734 0 1879 0 5047 fl 7 福 n n o w 
SD ratjo 0.5489 . 0 5400 0.7399 (1.91^ 1) 78^9 O . ^ m ：？^猛 111盟0 
(B2⑴ Classical sizf!:50(l 36 cases converge 
mean 0.7421 0.0862 0.4o38 0.9932 0 4173 0 7291 0 77fin 2 ^nnf i^Q 
ttlVlb匕 0.54(4 1.0987 0.0989 0.261fi 0 2730 0 f) q.)7fi n ？RiQ n in-：; 
S D ^ ^ i o 0 . • 义 . 0 4578 0.8048 1.0114 S : 試 S o f m G ？ L ^ m i 
(C20) Classiral c;i7p.9nn q q ^内^^ 
T ) = 0 二 3 i 0 .棚 7 化窗 0.7:忍 easels?二vergoC 
R(丨〜P n'^nSf ； ? S -0.1.528 0.014；? 0.09-13 0.2676 0.2330 0.0309 
S ? ) 浩 n ？ { S i i 。 .棚0 細 1.0-249 (U349 阳 latio (].(,772 0.5740 (].9179 QMi：^ 1.0747 0.7228 12.fifi09 fi.9834 8.3001 
Uesign j-'arametftrs 
, , 。 ， a < 4 , 4 1 e a ^ n j � ( “ ， … < ^ , ( 8 , 8 ) r , 
('.V, • ,()•、。 o (u^  o ( b H n r f n — 
( ) n n 58 cases converge 
S i m ^ SVSS nS (】.:蘭 9 (丨腳 5 ().490(i 0.49.% 0.-1908 ^ fired 
l^MSr? 0. 208 0.0268 0.02-18 0.0.113 0.18-1.1 0 . 0 咖 fl.026(i 0.0280 
� r , . 丨 79 1.1 Ion 0.532-1 0.9144 0.9fil8 0.9717 
S 0.49,2 S ； ^ 議 S 0.5060 。 . 4 巧 ^ a s ^ 篇 ^ r g 》 
b'^lp 盟 < ) 几 丨 -0.1008 -0.0060 0.0O22 0.0172 ^ 
S s S S'St^® 0.0820 0-2259 0.0479 0.1069 0.0784 
,工二 n . 0.2369 0.9581 0.6091 0.8052 0.9630 1.3：?.>1 
(C20) Classical si7,o-2flfl oo 
S i n ? nni--\ O 。 棚 - 。 。 ‘ 丨 2、 。 • _ ‘丨 0 .。川 0.0120 
Q?^ n o ？ 0 . ⑵ 0 . 1 術 0.2139 0.0742 0.1443 ().121<) 
SD • •a t io__0.9112 1.1062 0.5700 0.9814 0.7747 0.9379 1.4008 |.:應^ 
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Table A.42: Simulation Result of the SEM approach (A21, B21, C21) 
Uesign h'arameter.s — 
i i i j i i 1 i 1 i ¥ 1 i i 
# i U i i i i i i i t i i ¥ l i 11 
J L J l J i J L l y L i y O l l J l 
Design h^arameters 
Soo?? S • 二 r z \ - 。 . 0 ⑶ 。 . _ O.9I94 
RMSE 0 0268 f S o l 卩 . ⑶ ? 0.0134 。.(]220 0.0006 0.0062 -fl.0006 
S = 謹 = - H = = ？ : i ； ？二 
= H I 丨:E E # 二 二 
S ；sJ^ :溫？ - - H - - = 冗 譯 2溫 s:二 
= H I E ili F 二 — •i^iinin二 
SD atio ?107? ？ ？ ‘ ， 。 細 0 - 8 1 7 7 0.2670 0.4871 
^ ^ 随 o ！ (1.8702 0.878n 0.9577 1.3061 1.0481 1.2119 
Uesign Parameters 
J otrflVl 017/3.Ofinn 1 no • 
mean 0.4978 0.4976 0.4984 n 498=. (1 4 0 ” n / q S cases，二verge 
bias fl f irm n nnod n nnVi (J.49,/ 0.4980 0.5004 fixeA 
RMSE 00274 -0-0035 0.0015 0.0023 0.0020 -0.0004 “ 
SD iHo i n ^ i f i S'SlfiJ ？ S 恐 0.02丨2 0.098n 0.0191 0.0164 0.0207 
b l ^ ^ t o 1.0316 0.84fifi 1.0831 0.9816 1.1172 0.99-19 0.8417 0.9855 
m 細 0.4987 0.4995 0.5063 ^ J S 0 1317 0 49=ifi 0 d J ^ z C a s e g f j ^ e r g e 
SD ？ 0 - 0 4 1 9 0.1846 0.0336 0.0393 0.043fi 
S l ^ r a t o 1.0529 0.93,13 0.9901 0.%41 01)84 1.0049 1.0312 
丄） b 匕 lU Qi^ p-onn on 
• , S nr ；?〉?)恐！ -(' ('086 0.1802 0.0184 0.0064 -0.0101 “ 
S?) atSo S ？ " S ？ [ ! . ( 。 ) ) ( 乂 ） （ 丨 。 ( 丨 . 明 8 O.Ofi:•！9 0.072.、 川 ' a t ' 。 L i ! ^ l.OnA) 1.1271 0.8223 1.0022 0.9031 1.01-17 1.0673 
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Table A.21: Simulation Result of the Classical approach (AlO, BIO, CIO) 
IJesign Parameters “ 
, b-2-2 &31 632 b-ii b4-2 5il 
true value O D 07； UW ( i f ^ JTTTo O H ( m i Tr^ ( T ^ ~ 
(A21) Classical Ri7e:2000 47 cases converge 
mean (U222 0.4804 0.51 14 0.4749 0.6657 0.6687 0.6315 0.5285 0 6992 0 0409 
bias -0.0222 -0.1304 0.0886 -0.0749 0.0343 -0.2187 0.1685 -0.0285 -0.1492 0 
RMSE 0.0949 0.4754 0.366u 0.6155 0.4754 0.5339 0.3895 0.1298 0 5948 0 6267 
SD ratio 1.0026 0.8595 0.8844 0.9131 0.9501 0.8359 0.8275 0.9209 0 7913 0‘77fi0 
(B21) Classical size:50fl 44 cases converge 
mean 0.3145 0.4361 0.5430 0.4046 0.7229 0.6249 0.6348 0.5299 0 7278 0 0117 
bias -0.0145 -0.0861 0.0570 -0.0046 -0.0229 -0.1749 0.1652 -0.0299 -0 1778 0 1883 
RMSE 0.1183 0.413fi 0.3210 0.4752 0.3881 0.7764 0.7936 O.lOfifi 0.6303 0 舶 71 
SD ratio 0.8682 0.8829 (1.8393 1.0223 1.0181 (1.7961 0.8237 0.7032 0.2833 0 2662 
(C21) Classical sizfi:200 36 cases converge 
mean 0.2014 0.3480 0.5380 0.4946 (1.5954 0.4132 0.7327 0.3531 0 6777 -0 0527 
bias 0-0986 0.0220 0.0(520 -0.094G 0.1(1-10 0.0368 0.0673 0.1469 -0 1277 0 2o27 
RMSE 0.2104 0.5388 0.4298 1.1530 0.8454 0.8282 0.5931 0.3470 0.8970 0.9438 
SD ratio 0-9496 0-5875 Q.5544 0.5031 0.4795 0.5547 0.5171 0.9295 0.6131 Q.5607 
Uesign Farameters — 
, 073 083 (p-n (p32 033 Ai 入.2 A3 
value (TW] (T^OT O H OTO (Hid OKI m H i m i FTTKl~ 
(A21) Classical size:2000 47 cases converge 
mean 0.fi740 0.2093 0.4282 1.0359 -0.0597 0.8800 5.5219 3.8182 4.5973 
bias -0.0740 0.0907 -0.(1282 -0.0359 fl.0n97 0.1200 -4.5219 -0.8182 0 4027 
RMSE 0.4673 0.4997 0.1|「>丨2 0.4719 fl.1839 0.3828 5.0605 1.0843 0.9488 
SD ratio 0.7533 0.7168 0.8459 0.2329 1.0457 0.8o32 31.1172 19.5228 30.(i028 
(B21) Classical ,size:500 44 cases converge 
mean 0.7056 0.1739 0.4201 1.0072 -0.02nS 0.9181 o.n2n0 3.8620 4 6079 
^bias -0.1056 0.1261 -0.02U1 -0.0072 fl.0258 0.0819 -4.5250 -0.8620 0.3921 
RMSE 0.8229 (1.85fil 0.0741 0.2136 0.1723 0.3084 4.9538 1.3525 0.9174 
SD ratio 1.0499 1.0451 0.9588 0.9200 0.796� （l.fi514 14.0660 13.1173 13.1256 
(C21) Classical ai7.e:200 36 cases converge 
mean 0.6388 0.1977 0.4149 1.1171 0.1806 1.2231 4.7501 4.1438 5.0463 
,biafi -0.0389 0.1023 -0.0149 -0.1172 -0.18flfi -0.2231 -3.7501 -1.1438 -0.0463 
RMSE 0.675fi 0.5938 0.1262 0.3249 0.3606 0.7812 4.4599 1.9419 1.4268 
SD ratio 0.6657 (1.9926 1.0191 0.6377 9.6776 9.2594 9.5241 
Design Parameters “ — 
, _ _ 气 ! I ? ) C-M2 '2) (-J.Cia) e a 4 , 4 ) 5) fe>“./:7) e,(H，… r , 
tnie value O O O (Di (Tn rTn (TT； O ( O F — 
{A21) Classical Ki7.fi:2000 47 cases converge 
mean 0.4148 0.4901 0.4906 0.4962 ().54<S2 0.4748 0.4901 0.4853 fixeA 
bias 0.0852 0.0099 0.0094 0.0038 -0.0482 0.02o2 0.0099 0.0147 
RMSE 0.4449 0.0232 0.0308 0.0319 0.1688 0.0688 0.0349 0.(1447 
SD ratio 0.2270 0.9311 1.1172 (1.763o 0.970fi 0.9497 丨.(179厂1 
(1321) Classical siz化r)00 44 cases converge 
mean 0.4719 0.4909 0.-1722 O.ISIS n.o27(i 0.4878 0.46% 0.4892 fired 
bias 0.0281 0.0091 0.0279 0.0182 -().027(i 0.0122 0.0304 fl.()10<S 
RMSE 0.1031 ().(),%� a0(i87 ().fl86fi 0.1640 0.0729 0.1278 0.0442 
SD ratio 0.9848 0.898(i fl.r,528 ().764fi 0.9820 1.0704 0.82fi0 
(C21) A Classical si7e:200 36 cases converge 
mf^aii 0.4fi8n 0.4754 0.4505 0.5017 0.5466 0.4606 0.4661 0.4480 fired 
bias 0.0315 0.0246 0.0495 -0.0047 -0.0466 0.0394 0.(1339 0.0520 
RMSE 0.1468 0.067；-! 0.1269 0.0743 0.2105 0.1253 0.1054 0.1377 
SD ratio 1.1082 0.8194 0.7379 0.942；^ 0.2644 1.1259 0.8G24 丨.(ffiy) 
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Table A.22: Simulation Result of the SEM approach (Al l , B l l , C l l ) 
Design Parameters ‘ ~ 
<>21 t)22 t>3i 632 ~ 5 4 2 Ssi Sei 
true value O D OTi O H (TTID 0770 (Tio ( m i (jn^n (T^O~ 
(A22) SEM si7,e:2000 100 cases converge 
m(^an 0.3025 0.3571 0.5974 0.4052 0.6964 0.4559 0.7972 0.5014 0.5481 0.1995 
bias -0.0025 -0.0071 0.0026 -0.00,52 0.0036 -0.0059 0.0028 -0.0014 0.0019 0.0005 
RMSE 0.0601 0.0387 0.0112 0.0448 0.0137 0.0563 0.0146 0.0(577 0.0198 0.0352 
SD ratio 0.9711 0.9110 0.9439 0.9518 1.0764 1.0710 1.1090 0.97% 0.9773 1.0459 
(B22) SEM size:500 78 cases converge 
mean 0.2675 0.3288 0.6020 0.3791 0.6997 0.4254 0.8019 0.4374 0.5616 0.1722 
bias 0.0325 0.0212 -0.0020 0.0209 (1.0003 0.0246 -0.0019 0.0626 -0.0116 0.0278 
RMSE 0.0811 0.0616 0.0195 0.0766 0.0269 0.0770 0.0248 0.1714 0.0372 0.0713 
SD ratio 0.7125 0.7675 0.8782 0.8801 1.1428 0.7811 0.9964 丨.2006 0.8575 1.0468 
(C22) SEM si7,e:200 67 cases converge 
mfian 0.2270 0.3154 0.5982 0.3655 0.6907 0.4034 0.7986 0.3594 0.n626 0.1488 
bias 0.0730 0.0346 0.0018 0.034n 0.0(193 0.046« 0.0014 O.Hflfi -0.012fi 0.0512 
RMSE 0.1433 O.llnfi 0.0.170 0.1377 0.0410 0.1480 0.0387 0.2746 0.0654 0.0978 
SD ratio 0.8843 1 -0232 1.0857 1.120,-) 1.1098 1.0661 1.0151 1.1855 1.0527 0.97fi4 
Design Parameters — 
073 bs3 (p22 <7532 (jm J2 X3 
true value O D OTTO (T：^ TIK] (HRl HTO [710 J M (TTKl“ 
(A22) SEM size:2000 100 cases converge 
mean 0.6002 0.2956 0.4022 0.9891 -0.0073 1.0023 1.0126 2.9914 -0.0143 
bias -0.0002 0.0044 -0.0022 0.0109 0.0073 -0.0023 -0.0126 0.0086 0.0143 
RMSE 0.0197 0.0405 0.0450 0.0941 0.1045 0.2571 0.0750 0.0805 0.1041 
SD ratio 1.0433 ^ 1.0221 0.9827 0.9233 0.9274 0.9921 1.0084 0.9395 0.9fi4fi 
(B22) SEM sizf:nOO 78 cases converge 
mean 0.fi031 0.2750 0.380-1 1.0468 0.0859 1.2949 0.9735 3.0398 0.0586 
bias -0.0031 0.0250 0.0196 -0.0468 -0.fl<Sn9 -0.2949 0.0265 -0.0398 -0.0586 
RMSE 0.0376 0.0748 0.0824 0.1420 0.2130 0.7699 0.1109 0.1041 0.1984 
SD ratio 0.9fi33 0.9728 0.9752 0.8259 1.027丨 1.2887 0.8765 0.6941 1.0212 
(C22) SEM size:200 67 cases converge 
mean 0.6120 0.2391 0.3380 1.0904 0.1457 1.8293 0.9658 3.0865 0.1749 
bias -0.0120 0.flfi09 0.0620 -0.0904 -0.1457 -0.8294 0.0342 -0.0865 -0.1749 
RMSE 0.0673 0.1108 (1.1317 0.2291 0.2935 1.4793 0.1308 0.1895 0.3211 
SD ratio 1 -0800 0-9769 1.0702 0.9823 1.048fi 1.0876 0.8298 0.9245 1.0610 
Design Parameters ~ 
feiaMj a) e,(4.4) (化…ea".?) o,(8，8) v j ^ 
triH! value O (05 O (DT^ O (T7i (Tn (Tn (life 
(A22) SEM si7.f!:2000 100 cases converge 
mean 0.4984 0.4991 ().496G 0.4976 0.4842 0.49% fl.n()2'2 0.4992 fixed 
bias 0.001 fi 0.0009 O.OO.'VI 0.0024 0.0158 (1.0004 -0.0022 0.0008 
RMSE 0.0251 0.0167 0.0183 0.0211 0.1373 0.02(1-1 0.0188 0.0241 
SD ratio 1.0148 0.9121 0.9340 1.0065 1.0298 1.0612 0.9639 1.0513 
(B22) SEM si7.e:500 78 cases converge 
mean 0.4986 0.4935 0.4933 0.5011 0.2973 0.4957 0.4899 0.5031 fixeA 
bias 0.0014 0.0065 0.0067 -0.0011 0.2027 0.0043 0.010 丨 -0.0031 
RMSE 0.0482 0.0377 0.0374 0.0407 0.4988 fl.0390 0.0368 0.0482 
SD ratio 0.9845 _、1.0273 0.9597 0.9730 1.3500 0.9906 0.9150 1.0318 
(C22) SEM Ri7,e:2fl0 67 cases converge 
mean 0.4690 0.4958 0.4977 (l..=il(ll -0.1325 0.4923 0.4831 0.5108 fixed 
bias 0.0310 0.0042 0.0023 -0.0101 0.fi_T25 0.0077 -0.01«8 
RMSE 0.0901 0.0661 0.06'19 0.0704 1.2187 0.0548 0.0618 ().(17fifi 
SD ratio 1.1197 1.1493 1.0781 1.1990 0.8918 0.9615 1.00-13 
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Table A.21: Simulation Result of the Classical approach (AlO, BIO, CIO) 
Uesign Parameters 
~ bii 621 b22 &31 632 4^2 ^51 t>61 t)63 
true value O H 0 5 f m i (RD fTTD {Ro O D 03(1 (1375 (T^IT~ 
(A22) Classical si7e:2000 51 cases converge 
mean 0.3185 0.6423 0.3715 0.7433 0.4270 0.7713 0.5295 0.5588 0.6570 0.0689 
bias -0.0185 -0.2923 0.2285 -0.3433 0.2730 -0.3213 0.2705 -0.0588 -0.1070 0.1311 
RMSE 0.0781 0.7047 0.5544 1.1380 0.9270 1.1008 0.9029 0.0913 0.6983 0.8144 
SD ratio 0.9402 0.5597 0.5523 0.5575 0.5587 0.5272 0.5281 0.8613 0.5159 0.5171 
(B22) Classical si7,e:500 41 cases converge 
mean 0.2801 0.3411 0.5923 0.1351 0.8252 0.4107 0.7989 0.4741 0.6902 -0.0023 
bias 0.0199 0.0089 0.0077 0.2649 -0.1252 0.0393 0.0011 0.0259 -0.1402 0.2023 
RMSE 0.1275 0.4694 0.4019 2.2781 1.4239 0.5407 0.3702 0.1963 0.6027 0.8053 
SD ratio 0.8328 0.5338 0.6279 0.3425 0.3359 0.6761 0.6635 0.9570 0.3182 0.3243 
(C22) Classical aize:2fl0 52 cases converge 
mean 0.2747 0.5312 0.4441 0.4367 0.6530 0.5013 0.7308 0.4522 0.9269 -0.2073 
bias 0.0253 -0.1812 0.1559 -0.0367 0.0470 -0.0513 0.0692 0.0478 -0.3770 0.4073 
RMSE 0.1620 0.7723 0.6453 0.5379 0.444o 0.7133 0.6922 0.1710 1.9141 1.7721 
SD ratio 0.9080 0.7298 0.8303 0.9031 0.8642 0.5712 0.5752 0.7840 0.6865 0.657G 
Ufisign Parameters 
bri b73 ~583 <?33 入 2 ^ 
true value OlOT O H O H HK] (HID O i l riK] (OTl~~ 
(A22) Classical si7,e:20flfl 51 cases converge 
mean 0.6171 0.2755 0.4482 1.0187 -0.072-4 0.7610 1.8877 3.117(i -0.1696 
bias -0.0171 0.0245 -0.0482 -0.0187 0.0724 0.2390 -0.8877 -0.1176 0.1696 
RMSE 0.4994 0.5928 0.0589 0.1799 0.13n3 0.320fi (1.9781 0.24?i?i 0.2587 
SD ratio 0.5698 0.5792 0.7672 fl.1991 0.88,no 0.8872 30.0359 31.1214 3o.5193 
(B22) Classical si7.e:50fl 41 cases converge 
mean 0.7152 0.1063 0.4090 1.0254 0.038fi 1.0032 1.5337 3.0689 -0.0345 
bias -0.1152 0.1937 -0.0090 -0.025-1 -0.038fi -0.0032 -0.5337 -0.0689 0.0345 
RMSE 0.7504 0.9959 0.0894 fl.1968 0.2460 fl.48fit 0.8317 0.4440 0.4956 
SD ratio 0.3316 1.7585 丨.0103 0.8261 1 0 . 8 f i 2 1 In. 1973 18.7954 26.4520 
(C22) Classical si7P:200 52 cases converge 
mean 0.6226 0.2832 0.4155 1.0288 0.0487 1.0929 1.7531 3.0727 -0.0235 
bias -0.0226 0.0168 -0.0155 -0.0288 -0.0487 -0.0929 -0.7531 -0.0727 0.0235 
RMSE 0.8177 0.8132 0.1141 0.2874 fl.2o.S7 0.5552 1.14fi2 0.5501 0.4520 
SD ratio 0.5792 0.5731 1 .Orvi'l 1.0005 0.9789 0.8173 9.4846 9.： 3^53 8.8890 
Uesign t^arameters — “ 
0 , ( 1 ’ 1) e , (4 ,4) e a ? , ? ) e.(H.H) vf 
true value O (TT； O (UT^ O 075 O O O n 
(A22) Classical si7:e:2000 51 cases converge 
mean 0.4374 0.4858 0.48,51 0.4777 fl.()ir,6 (1.4898 0.4994 0.4787 fixeA 
bias 0.062fi 0.0142 0.0149 0.0223 -O.llnfi 0.0102 0.0006 0.0213 
RMSE 0.1936 0.0403 0.0,35-1 0.fl(i23 0.1504 0.0560 0.0210 0.0321 
SD ratio 0.2211 0.9692 1.0583 0.8923 O.Qon.'^  fl.9251 0.9313 0.8777 
(B22) Classical si7^:500 41 cases converge 
mean 0.4824 0.4756 0.4695 n.470n 0.5158 0.4813 0.4739 0.4620 fixed 
bias 0.0176 0.0244 0.0305 0.0295 -0.0158 0.0187 <1.0261 0.0380 
RMSE 0.0999 0.0629 0.0646 0.0893 (1.2069 0.0769 0.0590 0.1014 
SD ratio 1.1288 1.0430 0.2854 1.161n 0.7017 1.1",10 1.0258 丨.(V2fi(l 
(C22) Classical .si7,p:2fl0 52 cases converge 
mean 0.4655 0.4527 0.4519 0.4«69 0.4910 (1.4563 0.4350 O.-triOO fixed 
bias 0.0345 0.0-173 0.0-181 0.0331 0.0090 0.0437 0.0650 O.OtOl 
RMSE 0.1 123 0.1102 0.1193 0.1034 0.2168 0.1255 0.1369 0.1074 
SD ratio n.8616 1.0123 1.0290 1.1030 fl.5746 丨.0217 0.9463 丨 
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Table A.22: Simulation Result of the SEM approach (Al l , B l l , Cl l ) 
Design Parameters — 
521 522 531 641 642 ^51 bei &63 
true value O O (HK) (RD (Tm ( T ^ ( m i n：^ ^ 
(A23) SEM size:2000 106 cases converge 
mean 0.3017 (； 34?«7 0.5995 0.3989 0.7000 0.4521 0.7985 0.5020 0.5509 0.1987 
bias -0.0017 0.0013 0.0005 (1.(1011 0.0(KK1 -0.0021 0.0015 -0.0020 -0.0009 0.0013 
RMSE 0.0442 0.11317 0.0161 0.0347 0.0175 0.0392 0.0184 0.0543 O.fl2o3 0.0197 
SD ratio 0.9579 0.9917 0.9646 0.9905 0.9570 1.0242 0.9156 0.9351 1.0069 0.8761 
(B23) SEM si7,o:500 88 cases converge 
mean 0.2638 0.3361 0.5885 0.3849 0.6879 0.4273 0.7896 0.4461 0.5628 0.1835 
bias 0.0362 0.0139 (1.0115 0.0151 0.0121 0.0227 0.0104 0.0539 -0.0128 0.0165 
RMSE 0.0857 0.0537 0.0387 0.0678 0.0392 0.0752 0.0391 0.1046 0.0478 0.0453 
SD ratio 0.9113 0.8148 1.1355 0.9545 1.0415 0.9538 0.9887 0.8330 0.9101 1.0090 
(C23) SEM size:200 75 cases converge 
mean 0.2592 0.3455 0.5831 0.3979 0.6798 0.4481 0.7772 0.4226 0.5624 0.1816 
bias 0.0408 0.0045 0.0169 0.0021 0.0202 0.0019 0.0228 0.0774 -0.0124 0.0184 
RMSE 0.1329 0.1139 0.0596 0.1024 0.0650 0.1280 0.0063 0.1986 0.0842 0.0647 
SD ratio fl.932f> 1.1156 1.0971 0.8993 1.1204 1.0367 1.0293 I.IOIfi 1.0803 1.0145 
i-'arameters — 
571 t)73 033 Al A2 A3 
true vahl^ ( m ) O D (T^ TTID (HKl TUH THO XHd oIK) 
(A23) SEM si7.e:200() 106 cases converge 
mean 0.6017 0.2986 0.3999 0.99% -0.0058 0.9727 丨.0038 3.0056 4.9943 
bias -0.0017 0.0014 0.0001 0.0004 0.0058 0.0273 -0.0038 -0.0056 0.0057 
RMSE 0.0277 0.0212 0.0180 0.0839 0.0729 0.1752 0.2014 0.0f.8fi 0.1115 
SD ratio 1.0898 0.9391 0.8548 0.9790 0.8418 0.8769 0.9838 0.9379 0.9681 
(B23) SEM sizeiSOO 88 cases converge 
mean 0.5985 0.2852 0.3880 1.0757 0.0582 1.1545 1.0915 3.022-1 5.0204 
bias 0.001 n 0.0148 0.0120 -0.0757 -0.0582 -O.lo-ln -0.09 In -0.0221 -0.0204 
RMSE (1.0515 0.0461 (1.0111 O.lfifil 0.1377 0.37rv2 0.4264 0.1461 0.2161 
SD ratio 0.9872 1.0575 1.0368 0.9826 0.8.327 0.939(i 1.0769 1.0076 0.9865 
(C23) SEM si7,(-200 75 cases converge 
mean 0.6051 0.2785 0.3814 I.Ofin 0.0991 1.：«14 丨.0829 3.0583 5.flo78 
bias -0.0051 0.0215 0.0186 -0.0613 -0.0991 -fl.;«14 -0.0829 -0.0583 -0.0578 
RMSE 0.0917 0.0760 (1.0660 0.2551 ().‘2274 0.7498 0.6637 0.2443 0.3719 
SD ratio 1.1386 1.1864 丨.1239 1.0391 0.8738 1.1874 丨.054丨 0.860(1 0.9353 
Uesigti Parameters “ ~ 一 
<:j,(M，M) 0 , (4 ,4 ) • , ( 7 ， 7 ) ~ ^ ’ H ) vf 
true value O (TTn O (TTi O O O O fTTO~ 
(A23) SEM si7e:20fl0 106 cases converge 
mean 0.5003 0.4992 0.4985 0.4980 O.oOTO 0.4994 0.4995 0.4969 fixeA 
bias -0.0003 0.0008 0.0015 0.0020 -0.0070 O.OOOfi O.OOOn 0.0031 
RMSE 0.0265 0.0188 0.0179 0.0208 0.0822 0.0177 0.0192 0.0209 
SD ratio 0.9963 1.0268 0.9169 0.9798 0.9155 0.9314 0.9904 0.9827 
(B23) SEM size.MO 88 cases converge 
mean fl.479fi 0.5103 0.5017 0.4930 0.410：? 0.4858 0.4995 0.5055 fixed 
bias (1.0204 -0.010：? -0.0017 0.0070 0.0897 (1.0142 O.OOOn -0.0055 
RMSE 0.0568 0.0377 (>.a‘口8 0.0424 0.1978 0.0447 0.0441 
SD ratio 1.0002 0.974fi 0.8649 1 0.972；^ 丨.11 17 1.1042 1.0280 
(C23) SEM si7,(-2()() 75 cases converge 
mean 0..17.Ti (1.47% 0.-1091 ().ri(M3 ().2(SI9 (1.49-40 ().-198(i fixed 
bias 0.0265 0.0204 0.n0()(i -0,(104：^  0.2181 0.fl0(i0 0.0014 0.0041 
RMSE O.nH'in OiKiOo ().()(i4J 0.0828 0.‘l(il8 0.0577 O.Ofi-l；^  ().()722 
SD ratio 0.9464 1.0l6(i 1.0484 1.2.%1 1.3399 0.9483 丨.0313 1.(1903 
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Table A.37: Simulation Result of the Classical approach (A18, B18, Cl8) 
~Uesign Parameters 
a . f i a a a : a fe-o t , 二 
(A23) Classical size:2000 45 cases converge 
i^，n 0 3280 0.4493 0.5224 0.5578 0.5771 0.6352 0.6518 0.5266 0 肪5丨 0 0883 
-0 0280 -0.0993 0.0776 -0.1578 0.1229 -0.1852 0.1482 -0.0266 -0 105 0 1117 
RMSE 0.0867 0.4497 0.3688 0.4915 0.4198 0.5137 0.4154 0 0924 0 3868 0 3986 
SDraUo 0.9006 . 1.2005 1.2252 1.1723 1.2443 1.1963 1.2388 i e i H 0：6??2 ？：0644 
(B23) Classical si^eiSOO 39 cases converge 
rji，n 0.2752 0.5108 0.4691 0.5516 0.5878 0.5049 0.7391 0 4915 0 5180 0 2342 
nSf^E Snq2? fyfUR ！ ! ； ? . 丨 么 l : ) 0.1122 -0.0549 0.flfi09 o.ooi? oS -0 0342 
J ^ I S 与 0.0925 0.7108 0.4925 0.5908 0.4349 0.3620 0.2894 0 1315 fl 3680 0 4399 
SDrat io 0 9966 0.9725 1.1469 1.1385 1.0506 1.1699 H m O S ： ^ 0 3 3 2 
(C23) Classical si7,e:200 37 cases converse 
"-2765 0-5832 0.7213 0.3524 0.6968 0.3860 0.7866 0.4o36 (^5294 0.2146 
R A f � p ？ .SKI 0.0032 0.0640 0.0134 0.0464 0.0206 -0.0146 
q ? ? ， n-^'^fZ 人 想 0.4445 0.4726 0.3112 0.2015 0.3929 0.3926 
SD 咖 。 0.8458 0.9812 0.9431 1.0527 0.944fi 0.9111 0.9002 1.0(178 1.0037 0.9421 
Design Parameters — 
<^ 71 O73 bs,3 瓦 ) X\ XI TI 
t r 〉 ' 二 l e ~ ~ • 二 . o n ( m (OT) ™ O K ) — — . A ) 0^(1 
(A23) Classical Rizp:2000 45 cases converge 
0 二 2 ^-'jSSl 丨 0.9703 -0.0608 0.8636 5.fi781 3.8341 4.6506 
R^'f^V n S f S ^ 。0297 OOfiflS 。.13fi4 -4.6781 -0.8341 0.3494 
？.〒 ？ I t s 0.】37fl 0.1449 fl.3-188 5.0897 1.0548 0.7569 
SD ' ^ t i o 1.1364 1.1019 0.90«6 0.8392 (1.7o23 0.7416 26.2077 17.2119 21 8607 
( ^23 ) Classical si7e:500 39 cases converge 
= 8 9 溫 J 1.0571 0.0032 0.9865 5.5795 4.0660 ^4 6628 
p^ ' f l p ；?.•？？思 二 恐 - 0 . 0 5 7 1 -0.0032 0.0135 -4.5795 -1.0660 0.3372 
c?) S i no52n 1 恐 7 0.2139 0.1526 0.5147 5.0663 1.4093 0.9079 
S^l^rato 0-92fi0 0 93fi9 0.7785 0.7028 0.581 fi 0.6287 13.9148 10.2185 12.0261 
(C23) Classical si7.e:200 37 cases converee 
tTjI^ an 0.5654 0.2851 0.4321 1.0939 0.0507 0.9954 5.4003 4.1071 ‘ 4.8761 
n=7 ln 恐 21 -0.0939 -0.0507 0.0046 -4.4003 -1.1071 0.1239 
S^^  S ' S 义 ^ ^ 义0857 0.262：^ 0.2252 0.4591 4.8906 1.8505 1.5673 
SD ra t io__0 .8681 0.9217 (1.7135 (1.7221 0.8437 1.0131 8.4575 8.8110 10.5820 
Design Parametf!rs 
f s ^ ' ^ J <=>e(4,4) 味 … 0 ^ ( 7 , 7 ) e . C T 7 } ~ ~ 
t " 二 i、ue . ^ O T ^ rn^ ( h hr^ ( D H ~ ~ ( r t n — 
( ) n ^ r ) Si7.e:2000 45 cases converge 
7 ， " I m H "-^^Hfi 0.4927 0.-1903 ().48.T2 0.1956 0.4851 fixed 
0.0073 0.0097 -0.05% 0.0168 fl.OO-l-l 0.01.丨 9 
KMSL 0.0509 0.0n42 0.029(5 0.0447 0.169-1 0.0851 0.0294 0.0364 
SD ratio 0.9609 1.4429 1.0加6 0.7622 0.8222 1.09.18 1.1489 
(B23) 〔“lassir^ 39 cases converge 
？.n'.or 0.机、4 0..il9,3 0.4674 0.4934 0.4859 fired 
0.0346 0.0225 -0.019；^ 0.0.T26 0.0066 0.0141 ^ 
c:?、MS 弓 n i i l - ？ 0 . 0 7 4 0 0.0597 0.2120 0.0859 0.0560 0.0o49 
SD ratio Q.824n l.OOfv 1.0-167 0.974G 0,-13-12 0.8998 1.0944 0.9994 
S 二 0 0 . 7 , 7 0.4.78 [ a s 二 ^ g 》 
0.0740 0.0755 -0.0717 0.0422 0.0418 0.0455 “ 
Q ? / ^ � n a l -n l U 恕 化1‘292 。.肌讯 O.lf.SI 0.0934 0.0992 0.103o 
SD ' ' a。o__0 .9(b0 0.7076 0.7870 1.0919 0.6980 0.9-166 1.0543 0.7843 
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Table A.37: Simulation Result of the Classical approach (A18, B18, Cl8) 
~Uesign Parameters 
s E u ‘ ⑶ . ( [ I ： fi) (fa) i!：^ (tei)-
(A24) SEM Si7e:20fl0 103 cases convprtr^ 
0.’)021 0.3544 0.5986 0.4012 0.6999 0.4olfi 0.8003 0 4941 0 5490 0 202(5 
„bias -0.0021 -0.0044 0.0014 -0.0012 0.0001 -0.001 fi -0 0003 0 00^9 OOOin n S 
RMSE 0.0488 0.0408 0.0123 0.0434 0.0119 0.0425 0 0 S 0 0644 0019? 0 0304 
T b S ; 。 S E M " . 遍 1 篇 2 二 二 0 . 猶 8 。.8口7 0.94?；! 0 9 6 5 S i 溢 ofm 
0.2637 0.3347 0.5996 0 7 1 8 0.7044 0.4297 (1.79』6 仁^工吕 g ^ v e r g e 
bias 0.0368 0.0153 0.0004 0.0282 -0 0044 0 a2fn n nnin n noin n nnoi n ni-rn 
l i 二 u : 二 - 纟 = oS ？;ii E H 5;s 
mean 0.2267 0.3018 0.6013 0.7004 0 3914 0 cases J ^ v e r g e 
bias 0.0733 0.0482 -0.0013 0.0461 -0 0004 0 0586 0 oofe 
RMSE 0.1546 0.1245 0.0340 0. 272 o S e ^ 3 1 9 t S ^ V n i f a l S 
SD r a t i o _ _ O ^ _ _ U ) ^ _ _ 1 - 0 2 2 8 0.9824 0：9?53 O.llll ！!：8928 ？：2415 oS Vo'yot 
Uesign A-"arameters 
- - a " ( � ~ ~ ~ ^ a S i S .^(lo A 
{Az4.) bEM <?i7P-9nnn t no 
mean 0.5953 0.3061 。 . 術 0 0 9907 0 0055 10119 二 ? ? ， 。 猛 广 ㊀ ‘ ^ 細 汽 
R S E O O m 0 = 。 二 -00Vl9 -0.00,5 S S - o Z 
S告 ，Sn nSJSn n i i o t S.旧 义 P 8 。 謂 5 0-2392 0.0584 0.0671 0.0917 
0.9840 0.892’5 0.7768 0.8075 0.8fi4fi 0.9flfi8 0.8099 0.8109 0.8539 
00013 V a f a l 0.1008 1.4010 0.9605 
o f e - " ^ I n ^ n 盟 m - 化 。 側 - 。 遍 8 -0-4010 0.0395 -0.0321 -0.0929 
S告 f J L S'SqsS a i l ? ? 巧 ！ [ F 丨 。 遍 2 。 " 8�5 0 .丨議 0 . "4 f i 0.1983 
0.9980 0.(J877 0.9,V21 0.8198 0.927fi 1.1262 0.8988 0.8338 0.9472 
( ) bLiM ci^^-onn 
" o - r o ！！二 ；！.；!⑶^  1.8285 0.0.^ 0^7 
二 i I e n ofinr? S m 4 S — ( ) . 丄 化 、 - 0 . 8 挪 - O . I O I S -0.1976 
SI) 二〒n C i i f ?? 2-2?i« 0.2212 0.;W22 1.5903 (l.lolO 0.172n 0.314n 
⑷ — — — 0 . 9 3 7 7 0-8598 0.93^0 0.9135 1.0842 (1.839.5 0.7fi90 0.9519 
Uesign t-'ararneteis — 
^ . J J ； y y e ^ z , ^ ( . y s j e ( 4 , 4 ) (-)(h,h) — — 
" A 2 4 SEM ^ ^ rn5 (ErH 
fSooR fmSf 0.額 9 ⑶幅 - 0 - 0 0 0 2 0.0006 0.0026 ^ 
S?) ？"S ? 0.0195 0.1188 0.0196 0.0182 0.0233 
(SS i i SEM 0-9283 0.8975 1.0132 0.94.=i9 1.0(185 
" b i r 。 ； ! " n S s認。 4 。 0 . 2 2 8 5 0.4884 
RA^c^r Sn-or SnS^^ 0-0086 0.2715 0.0116 0.0007 -0.01(11 】 
？.S 努 ? ？ n o S 0 . 0 彻 0.5556 0.0353 0.0352 O.OolO 
S I ^ 丨 a t o 丨.073 丨 丨.0226 0.9427 0.967fi 1.2874 0.8738 0.8978 1.0815 
；;-；！??^  -0.0725 (1.4847 0.50^0 
R ⑶ F i a ^ ； ? 。 . 舰 ： 丨 。 . ’ 仍 。 . ⑴ - 0 . 0 0 7 0 -O.OOT^ ！ 
< ？ nS1r n-iil 。(丨“？只 0.0652 1.22-12 0.0611 0.0718 0.0774 
⑷ U lMf i (U4.识 1.01% ().99.19 1.4771 0.964.1 1.1128 \.Q(m 
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Table A.49: Simulation Result of the Classical approach (A24, B24, C24) 
Uefiign Parameters — 
。 ： a . fi a S ) a . a . ~ f e — 
(A24) Classical size:2000 49 cases converep 
？ ， 0.3286 0.4815 0.5021 0.6351 0.509(1 0.5480 0.7288 0 7786 0 0428 
bias -0.0286 -0.1315 0.0979 -0.2351 0.1910 -0.0980 0 0712 -0 032 -0 228fi n ojor 
RMSE 0.0819 0.6376 0.5313 1.7781 1.4989 0 647 0 5464 = n f n U l -
。 遍 c L s . G f " 0 . 5 7 9 。 。 溯 5 0.69,1 0.6223 o f w t ！ ! : S S ^ m I S S 9 2 
r a n 0-3225 0.4494 0.5191 ' o l ^ 0.5856 0.6820 0.624?' 0 0747 
-0.0225 -0.0994 0.0809 -0.1723 0.1144 -0.2320 0 759 - Q S i S f i S f o J U 
RMSE 0.1084 0.4208 0.3558 0.5765 0.4897 0.63M 0：. 6^2 0 IOTI 0 8102 o HQ^ 
TcSr 二 丨 迎 0.351, s ?二9 。 遷 。 . 6 應 0.6290 1.1347 UlAg S:?溫 
RMSE oSnq^ S J ' i ； 义 ? - 。 • � 腳 0.1693 0.1075 -0.0159 0.0749 
KMbt, (j.jljy.l ()./4()8 0.5267 0.fi9f) 0.4708 丨 0307 n 728=； n QI KV n •？soi r, joao 
SD 丨 a t i o _ _ ( L M ^ _ _ _ _ 0 . 5 3 0 9 0.4549 0.4803 0 474Q o f o m 0：79；? 
Design Parameters * 
'^•-vah. S ) . S ) , 禹 a S ) a 丨 。 ^ ~ ^ 
(A24) a Classical si7.e:2000 49 cases converge 
rm^an 0.5523 0.3608 0.4288 0.9582 -0 0490 0 8551 1 840^ 0 
R ' S ： S . 识 ； H f S ：!.。419 。 。 彻 -0.8403 -(,.0870 4I 
a 斤 。 m V o o n ' S S'Sor? 0.1445 0.3515 0 . 遍 。 0 . 2 6 1 2 0.2682 
r i ^ i r l • 1 0.8961 0.8116 0.7829 0.71 fi8 30.8211 32.9132 40.2494 
Classical QiVp-^ i^nn on 
r^ K a^r, 0.5703 0 . 咖 9 0.4328 0172 -0 0222 0 9297 丨 9 4 ” ^ ， c 。 ? v e r g “ 
R S F ！1.盟；-(？盟？ 。•品22 ；!：0?03 -0.0971 o S 
SD a t b S ' S f i i ？ ; I § 口 • 想2 0.1fi26 0.3fi67 1.0966 0.3379 0.2819 
r i . c • i � .4042 0.9325 (1.78.12 0.7<181 13.7994 13.5636 13.4994 
n 39 cases converge 
冗as 00220 Sny f ? n^VM 0.1620 1.2766 1.5623 3.2246 0.1654 
rS iSF " ( V S n j l A —nfi 丨 -0.0928 -0.162r, -0.2766 -0.5623 -0.2246 -0.1G54 
Sn n4?S3 n i W o 0.3462 0.8839 0.9789 0.5850 0.6604 
⑷ ' a t i o M ^ 0.4122 f).8243 0.9022 0.8432 (1.9078 9.4947 9.3641 12.7470 
IJesign l-'arameters 
I 口 , ^ a ： . . T ) T 丨 、 & … a -
W I F --- 姻 
i i o : : ： 择 二？ ！!！!:S识 
r i . I 彳•⑷ z 0 .9 ;m 0.7173 0.5897 0.8272 0.8526 
(o24 j Classical Qi7p.n;nn on 内内。内一 
“ S i 盟 ； i . : i ， 。 . ‘ ‘ 恥 4 = 溫 0.5404 0.4653 ( U 溫 cases converge 
R、'A^r 巧 2.2 ‘VI 0 . 0糊 则‘1 -0.0401 0.0347 0.(1078 0,01-N 八 
？0983 ？[！細 7 0.1628 0.0809 。 . (H" 
bl 二 t a t o 1.(198二 . 1 . 1 1 6 8 0 . % 2 5 O.fifi-12 0.2882 O.8880 0.9800 
(C24) Classical ciw.onn on 
' I T 二 2 ， ；!.棚 8 0.5268 (1.4702 ( ^ ^ " " ， ？ ： ” ‘ ， 厂 〜 
R h l i n S r ' ^ 。 . 暖 7 -0.0268 。.()298 0.0426 0.0：^ _ 
SD f t l ？n^fi i n f c j o 0.1580 0.3088 0.0844 0.1057 0.1319 
」 " l a t m 1.0764 0.8679 0.9%2 1.0050 0.5312 1.0691 0.9902 0.7610 
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Table A.22: Simulation Result of the SEM approach (Al l , B l l , C l l ) 
Design i-'arameters — 
b2i b22 t>31 t)3-2 ft-ll ft42 <>51 t)61 EeS 
true value (Od DTTJ^  ( m i {RD (TTD O H ( m i (Too OTZH~ 
(A25) SEM si7.e:2000 110 cases converge 
mean 0.2903 0.3430 0.5990 0.3934 0.6991 0.4468 0.8015 0.4890 0.5492 0.1984 
bias 0.0097 (1.0070 0.0010 0.0066 0.0009 0.0032 -0.0015 0.0110 0.0008 0.0016 
RMSE 0.0645 0.0463 0.0095 (1.0472 0.0102 0.0575 0.0115 0.0872 0.0292 0.0090 
SD ratio 1.0186 0.9958 0.9183 0.9053 0.9281 0.9937 0.9737 0.9344 0.9869 0.8626 
(B25) SEM si7,e:50fl 109 cases converge 
mean 0.3146 0.3490 0.5999 0.3989 0.7016 0.4533 0.7994 0.5089 0.5614 0.1943 
bias -0.0146 0.0010 0.0001 (1.0011 -0.001 f) -0.0033 0.0006 -0.0089 -0.0114 0.0057 
RMSE 0.1245 0.0903 0.0214 0.1084 0.0246 0.1118 0.0264 0.2152 0.0641 0.0258 
SD ratio 0.9757 0.9896 1.0342 1.0561 1.1217 0.9718 1.1280 1.1793 1.0757 1.1938 
(C25) SEM Ri7,e:200 106 cases converge 
mean 0.2752 0.3459 0.5963 0.3874 0.7020 0.4387 0.8033 0.4477 0.5343 0.1975 
bias 0.0248 0.0041 0.0037 0.0126 -0.0020 0.0113 -0.0033 0.0523 0.0 In? 0.0025 
RMSE 0.2024 0.1555 0.0342 0.1739 0.0388 0.1951 0.0389 0.4306 0.1115 0.0421 
SD ratio 1 -0267 1.1093 1.0553 1.0920 1.1214 1.0997 1.0656 丨.3640 1.2785 1,350.1 
Uesign Parameters — 
. 073 .083. (p22 (p32 (p33 M M A3 
true value ( m i O i l (TiD STHD ( m i nTO XTKl O D ~ 
(A25) SEM size:2000 110 cases converge 
mean 0.5972 0.299fi 0.8995 3.0181 0.5176 5.0381 0.9258 2.9743 5.0079 
bias 0.0028 0.0004 0.0005 -0.0181 -0.017fi -0.0381 0.0742 0.0257 -0.0079 
RMSE 0.0316 0.0107 0.0108 0.1319 0.1669 0.3868 0.1130 0.0828 0.0948 
SD ratio 0.9958 0.9149 0.9377 (1.9779 1.0679 1.00-18 0.9128 1.0525 0.8523 
(B25) SEM 109 cases converge 
mean 0.(5006 0.2990 0.4(114 2.9fi96 0.48o7 4.9232 0.9380 2.9617 4.9753 
bias -0.0006 0.0010 -0.0014 0.0.304 (1.0143 0.07G8 0.0fi20 0.0383 0.0247 
RMSE 0.0552 0.0255 0.0270 0.31(i2 0.9818 0.216(1 0.1583 0.2634 
SD ratio 0.9019 1.1053 1.1991 1.1516 1.1460 1.2104 1.0960 0.9956 1.0944 
(C25) SEM si7,e:2()(l 106 cases converge 
mean 0.6050 0.2939 0.3980 2.9715 0.52 l.i 5.3836 0.925fi 3.0002 5.0403 
bias -0.0050 0.0061 0.0020 0.0285 -0.0213 -0.3836 0.0744 -0.0002 -0.0403 
RMSE 0.1141 0.0439 0.0452 0.4541 0.5418 1.8870 0.3441 0.2556 0.5009 
SD ratio 1.2241 1.2332 1.3024 1.0700 1.1165 丨.41么5 1.2039 1.0445 1.1549 
Design h'arameters 
true value O (Hi O {T：]^  ^ O (Tn O (Tfe 
(A25) SEM si7e:2000 110 cases converge 
mefui 0.4970 0.4998 0.5007 0.5020 0.4729 0.1984 0.4995 0.4983 mis-spccifieA at 0.1 
bias 0.0030 0.0002 -0.0007 -0.0020 0.0271 0.0016 O.OOOo 0.0017 
RMSE 0.0299 0.0166 0.0175 0.0221 O.I6cS2 0.0180 0.0230 0.02^6 
SD ratio 1.0470 0.8947 0.8802 1.0088 0.8973 0.8311 1.0661 1.1447 
(B25) SEM size:500 109 cases converge 
mean 0.500fi 0.5041 0.4888 0.5004 (U373 0.4892 0.5073 0.4968 mis-spe.c.ifieA at. 0.1 
bias -0.0006 -0.0041 0.0112 -0.0004 0.0627 0.0108 -0.0073 0.0032 
RMSE 0.0600 0.0375 0.0398 0.0421 0.5324 0.0515 0.0474 0.0443 
SD ratio 1.0fi14 0.9940 0.9733 0.9677 1.3o8n 1.1529 1.0788 0.9570 
(C25) SEM si7.e:2fl0 106 cases converge 
nifian 0.4895 0.4963 0.4859 0.4866 0.1354 0.4990 0.4862 0.4996 mis-spe.r.ifif.d at. 0.1 
bias 0.0105 0.0037 0.014 丨 （1.013-1 0.3646 O.OfllO 0.0138 0.0004 
RMSE 0.1068 n.OfiOfi (1.0578 0.0 72(； 1.3950 0.0718 0.0790 0.0718 
SD ratio 1-1846 1.0225 0.8988 1.0459 1 1 .Ofi^ cS 1.1279 0.9633 
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Table A.22: Simulation Result of the SEM approach (Al l , Bl l , Cl l ) 
Design Parameters 
• . f l l 022 031. 032 tMl 042 <>51 651 5i5 
tnie value fTi^TO (On 01511 (TID (T^ (IT^ Ti O H (TTJO Ulio O i l 
(A26) SEM si7.fi:2000 110 cases converge 
mean 0.3042 0.3475 0.6010 0.4001 0.7005 0.4551 0.8010 (1.4625 0.5440 0 1995 
bias -0.0042 0.0025 -0.0(110 -0.0001 -O.OOOo -0.0051 -0.0010 0.0375 0.0060 0.0005 
RMSE 0.0802 0.0580 0.0114 0.0673 0.0128 0.0734 0.0141 0.1041 0.0203 0 0127 
SD ratio 1.1376 1.1028 1.0012 丨.1301 1.0492 1.0968 丨.0fi42 1.0531 0.9989 1:0117 
(B26) A SEM si7.e:500 110 cases converge 
r j ipn 0.3256 0.3724 0.5935 0.4212 0.6958 0.4744 0.7983 0.4733 0.5441 0.2050 
-0.0256 -0 0224 0.0065 -0.0212 0.0042 -0.0244 0.0017 0.0267 0.0059 -0.0050 
RMSE 0. 674 0.1 65 0.0248 0.1311 0.0288 0.1520 0.0284 0.2051 0.0415 0.0284 
SD ratio 1.1011 1.0445 0.9806 1.0427 1.0878 1.0742 1.0070 1.1212 1 0770 1 1024 
(C26) si枕200 102 cases converge 
mean 0.3057 0.3634 0.5860 0.4098 0.6872 0.4645 0.7876 0.4242 0 5405 0 2017 
bias -0.0057 -0.0134 0.0140 -0.0098 0.0128 -0.0145 0.0124 0.0758 0.0095 -0 0017 
J ^ M S g 0.2514 0.1843 0.0523 (1.2068 0.056：^ 0.2325 0.0573 0.3929 0.0688 0.0409 
SD ratm 1 -0233 1 -0684 1.2757 1.0fi17 丨.2818 1.0427 1.2018 1.287(1 1.1806 丨.0983 
Uesign Parameters — — 
, 073 083 022 032 <p33 A： A2 A3 
true value (HJO (1311 (17311 JHR) ？TUD TTK] ^IKl (TIKI~ 
(A26) SEM sizf!:20fl0 110 cases converge 
0.5986 0.2970 0.3955 2.9866 0.5231 5.1395 0.9110 2.9699 0.0211 
^bias 0.0014 0.0030 0.0045 0.0134 -0.0231 - 0 . 1 - 0 . 0 8 9 0 0.0301 -0.0211 
J M S E O.msg 0.0165 0.0228 0.1599 0.1859 0.5011 0.1167 O.IOG-I 0.1293 
SD ratio 0.9(48 0.9786 1.0740 1.164-1 1.1212 ] .0559 1.0733 1.1522 1.0273 
(B26) SEM si7,e:500 110 cases converge 
mf^' i O.M71 0.30o5 0.3990 2.9505 0.4960 5.1418 0.9445 2.9192 0.0021 
1 ⑶巧 0.0010 0.0495 0.0040 -0.1418 0.0555 0.0808 -0.0021 
I^MS与 0.04 6 0.03fi2 0.0456 0.3089 (U,讯2 1.0120 0.1601 0.2342 0.2564 
SD ratio 1 .1042，1.1012 1.1492 1.0108 1.0437 1.1022 1.0139 1.0865 1.0010 
(C26) SEM size:200 102 cases converge 
meat! 0.5933 0.2971 0.3988 2.9429 O.oUfi 5.626fi 1.0272 2.8942 -0 0594 
0-0067 0.0029 0.0012 0.0571 -0.0146 -0.0272 0.10o8 0.0594 
RMSE 0.0673 fl.0o41 0.0709 0.4978 0.601 fi 2.0268 0.4499 0.5619 0.6355 
SD ratio 1-1587 1.1587 丨.2211 0.9334 1.0877 1.1926 1.6868 1.2822 1.4139 
Uesign Parameters — 
f i l e value (U5 O O O ^ O O O (nfe 
(A26) SEM si7^:2000 110 cases converge 
义;J烈5 ().5()19 0.4977 0.4031 0.4999 0.5021 0.4993 rnis-specifieA at 0.1 
bias -0.0003 0.0002 -0.0019 0.0023 0.0967 0.0001 -0.0021 0.0007 
RMSE 0.0306 0.02(12 0.0188 0.0224 0.2978 0.0183 0.0199 0.0270 
SD ratio l.()M7 1.0908 0.9413 � 1 . 0 5 5 6 0.8890 0.9713 1 .Ofifio 
n 川•^「SEM si7e:5flO 110 cases converge 
nnn-^ 。.“脉！ 0-4975 0.3777 0.4974 0.4976 0.5008 viis-specified at 0.1 
,b ias 0(112n O.OOofi 0.0016 0.0025 0.1223 0.002(i 0.0024 -0.0008 
RMSE 0.0630 0.0388 0.0407 0.0-157 0.7246 (l.fl4‘23 0.0408 0.0V2H 
SD ratio 1.0579 1.0-125 1.0213 1.05:^0 1.292r, 丨.0417 l.OOICi 1 .Orm 
(C26) n si7.e:200 102 cases converge 
nilnl 棚 7 0.50o7 -0.0142 0.5048 0.-1878 0.510；^ mrs-specified at 0. / 
l^ias (l.()2(J5 O.OO60 0.0113 -O.OOfw 0.5142 -O.flOhS 0.0122 -O.OIO.S 
RNISIr, 0.123fi 0.06] 8 0.0645 fl.0(i3n 1.5555 O-Ofifi-J 0.()(il0 (1.0910 
SD ratio 1.2261 】.肪(1(; 1.0111 0.9159 1.2645 1.0361 0.9211 1.12fi9 
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Table A.37: Simulation Result of the Classical approach (A18, B18, Cl8) 
~Uesign Parameters 
# s j i 1 _ n i f i i n i 
# i l J i 1 1 i i 11 f i i r i i i 
i L i U i L ^ ^ j y U f l l L i L 
Design 尸 ararneters 
S i 丨 i i i i i H II S i r i i 
(327) SEM � 1.0799 】 . ⑷ 1 . 1 1 2 8 0.9585 1.0957 
mean 0.5992 0.2964 fl.3949 7 ^ 6 2 2 0 539.3 5 州 9 , n M ^ .r 
= 二 ss 擬 鑑 鑑 I I 
R 溫 E • rfr = S S V ！i.lS (i.。:]f - 。 . • -0.0492 
SD alio 267Q i f l ^ ? 。 . . 碰 丨 . 6 町 ( ） 0 . 4 8 7 4 0.2908 0.6252 ⑷ _ — — — — L i L i i 1.3439 1.0970 1.0808 1.2303 1.5496 0.9637 1.2448 
UfiSign parameters 
.E E E E = — 二 -
SD .Ho n S S ^ ？ 0 - 0 2 0 3 (1.2092 0.022o 0.0217 0.02n0 
b l ^ ^ o 0.8fi7n 1.022/ 0.9866 0.9398 0.99Wi 1.0252 I.OfilO 
(Ij'^f J dLM Qiy i^-^nn 1 irk 
mean 0.5018 0.5024 0.5027 0 。ofi.w 04914 (1 4<r i 琴e 
SD atio njqn S S ? ^ ’ 彻 0.8427 0.04.17 0.0410 0.04fi2 
ctr>, L。 2 " 1.1937 1.04-19 0.9459 0.9778 
() oJtllVl cj-p.onn ^ ^ JE E E is F = = sd 拳 湖 
SD atio 02q7 ？n^ iS ？ 盟 1-2270 0.0821 0.0702 0.0850 
⑷ 「 a " 。 i i l ^ 1.0308 1.0/91 0.9379 1.4-131 1.1909 1.0277 1.1454 
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Table A.22: Simulation Result of the SEM approach (Al l , B l l , C l l ) 
Ufisigii Parameters 
b2i O22 t>3i 632 641 04 2 <351 &61 
true value O D O n fm] (RO (T：^ (IT o^ ( m i (ToO O H 
(A28) SEM si7.e:20n0 110 cases converge 
mean 0.30.16 0.3526 0.fi015 0.4008 0.6996 0.4489 0.7984 0.5076 0.556 丨 fl.1987 
bias -0.0036 -0.0026 -0.00 lo -O.OOOcS 0.0004 0.0011 0.0016 -0.0076 -O.OOfil 0.0014 
RMSE 0.0710 0.0495 0.0124 0.0577 0.0132 0.0676 0.0146 0.0856 0.0182 0.0117 
SD ratio 1.0007 0.9440 1.0094 0.9765 1.0142 1.021fi 1.0422 1.0425 0.9104 0.9268 
(B28) SEM size:500 108 cases converge 
mean 0.3598 0.3923 0.5941 0.4412 0.6972 0.4917 0.7949 0.5197 0.5510 0.2034 
bias -0.0598 -0.0423 0.0056 -0.0412 (1.0028 -0.0417 0.00?il -0.0197 -0.0010 -0.0034 
RMSE 0.1868 0.1289 0.0272 0.1403 0.0305 0.1547 0.0282 0.1768 0.0386 0.0256 
SD ratio 1.1273 1.0925 0.9829 1.0583 1.0629 1.0497 0.9098 1.1015 1.0568 1.0012 
(C28) SEM si7:e:2fl0 96 cases converge 
mean 0.3267 0.3650 0.5978 0.4239 0.6884 0.4733 0.7920 0.4362 0.5500 0.2032 
bias -0.0267 -0.0150 0.0022 -0.0239 0.0116 -0.0233 0.0080 0.0638 0.0000 -0.0032 
RMSE 0.2569 fl.1884 0.0472 0.2082 0.0549 0.2263 0.0514 0.3431 0.0587 0.0460 
SD ratio 丨.0846 l-IOIfi 1.1808 1.1085 1.1848 l.OfiSl 1M46 丨.2159 1.0632 1.2099 
Uesign Parameters “ 
。71.. b73 &83 <p22 ^ <?533 A i 入.2 
true value OHO (ran (RD XTTO (TnD JTIKl OKI ITIKl fTTKl~ 
(A28) SEM ,si7.e:2000 110 cases converge 
mean 0.6008 0.3003 0.4012 2.9890 0.4772 5.0141 � .083 丨 3.0236 -0.0047 
bias -0.0008 -0.0003 -0.0012 0.0110 0.0228 -0.0141 -0.0831 -0.023fi 0.0047 
RMSE 0.0172 0.0174 0.0199 0.1460 0.1681 0.4530 0.1154 0.0948 0.1312 
SD ratio 0.9901 1.0882 0.9957 1 .OfifiS 1.0423 1.0823 1.0212 0.9093 0.9739 
(B28) SEM si7.p:5flfl 108 cases converge 
mean O.fiOOfi 0.30:10 ().-10fil 2.8828 (l.‘119G 4.9318 1.1382 2.9016 -0.0704 
bias -O.OOOfi -0.0040 -O.OOfil 0.1172 0.0804 0.0682 -0.1382 0.0984 0.0704 
RMSE 0.0367 0.0325 0.0430 0.3844 0.371 o 0.88.37 0.2554 0.3331 0.3320 
SD ratio 1.0832 丨.0220 1.0971 1.1875 1.0607 丨.0715 1.2441 1.2440 1.1412 
(C28) SEM size:200 96 cases converge 
mean 0.5868 0.2980 0.3947 2.8919 0.5289 5.4267 1.1462 2.9031 -0.0648 
bias 0.0132 0.0020 0.0053 0.1081 -0.0289 -0.42(i7 -0.1462 0.0969 0.0648 
RMSE 0.0540 0.0525 0.0710 0.6161 ().642.-, 1.7638 0.3488 0.4700 0.5683 
SD ratio 0.9902 1.1097 1.231 丨 U925 1.2181 1.1340 1 .‘2348 1.1574 1.2624 
Uesign Parameters 
一fc),(i ’u e , (4 ,4) e a ? , ? ) G,(8’S) F; 
true value (Di 015 O O ^ (Tn 075 (TTO 
(A28) SEM si7.e:2000 110 cases converge 
mean 0.5017 0.4979 0.5004 0.5000 0.4971 (U972 (1.5007 0.5012 mis-specified at 0.05 
bias -0.0017 0.0021 -0.0004 0.0001 0.0029 0.0028 -0.0007 -0.0012 
RMSE 0.0296 0.0179 0.0188 0.0208 0.2n37 0.0204 0.0179 fl.022n 
SD ratio 1.0126 0.9627 0.9-471 0.9625 1.0746 0.9775 0.8927 0.8920 
(B28) SEM fiizfi:nflfl 108 cases converge 
mean 0.5022 O-oOiW 0.4950 0.4930 0.5107 0.5017 0.4930 0.48-42 mis-specified at 0.05 
bias -0.0022 -0.0030 O.flOoO 0.0070 -0.0107 -0.0017 0.0070 0.0158 
RMSE O.Oonfi 0.0330 0.0339 0.0 r>4 {1.4817 0.0-129 0.0385 0.0511 
SD ratio 0.9424 0.8782 0.8-179 1.0451 1.02-17 1.0503 0.9510 0.9947 
(C28) SEM si7e:200 96 cases converge 
mean 0-4804 0.4997 0.5024 0.49:V2 0.12.11 0.49.58 ()..明24 0.4976 mis-specifip.d at 0.05 
bias 0.0196 0.0003 -0.0024 0.0068 (1.37(19 0.0042 -0.0024 0.0024 
RMSE 0.0924 0.0599 0.0654 0.0692 1.346.5 0.064-1 ().058n 0.088-1 
SD ratio 0-9687 l.(K)(Jl 1.0284 1.0074 1.2fi43 1.0076 0.9079 丨.丨-114 
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Table A.55: Simulation Result of the Classical approach (A29 - A33) 
Parameters 
b2\ ^22 531 5J2 5M 
true value OTH^  0770 O H fTTo fTTD ( m i O i l ( 0 1 ~ 
(A29) SEM si7,o:2000 
mean O.finIS 0.6996 0.6005 0.7449 0.7010 0.7999 0.7998 0.8515 0.9012 0.2005 
bias -0.0015 0.0004 -O.OOOn 0.0051 -0.0010 0.0001 0.0002 -0.0015 -0.0012 -0.0005 
R M S E n.0542 0.0448 0.0123 0.0494 O.OlOfl 0.0570 0.0123 0.0743 0.0179 0.0139 
SD ratio 0.9758 1.0226 1.1542 1.0221 0.9104 1.0797 1.0722 1.0739 1.0086 0.9767 
(A30) SEM size:20(Kl 
mean 0.6530 0.7009 O.fiOOG 0.7461 0 . 7 _ 0.8fl14 0.7998 0.8569 0.9025 0.2003 
bias -0.0030 -0.0009 -fl.OOOfi 0.0039 -0.0010 -0.0014 0.0002 -0.0068 -0.0025 -0.0003 
R M S E 0.0533 0.0449 0.0121 0.0489 0.0098 0.0562 0.0117 0.0895 0.0220 0.013o 
SD ratio 0.9fi67 1.0397 1.1996 1.0278 0.9358 1.0805 1.0698 1.1332 1.0252 0.9669 
(A31) SEM .si7e:2000 
mean 0.6530 (1.7011 0.6007 0.7463 0.7012 0.8015 0.8000 0.859o 0.9035 0.2003 
bias -0.0030 -0.0011 -0.0007 0.0037 -0.0012 -0.0015 O.OflflO -0.009o -0.0035 -0.0003 
RMSE 0.0519 0.0435 0.0117 0.0472 0.0098 0.0539 0.0114 0.0848 0.0257 0.0126 
SD ratio 0.9699 丨.Ofiflfi 1.1935 1.0339 0.9487 1.0803 1.0603 丨.0984 1.0367 0 9472 
U^^sign Parameters , 
<^71 583 5^33 Xo ？k3 
r S ^ SEM size:ijO()() 
true value 0.95 0.30 0.40 3.00 0.50 5.00 1.00 8.00 0.50 
mean 0.9502 0.2995 (1.4006 3.0030 0.5048 4.9814 1.0030 3.0071 0.4956 
bias -0.0002 O.OOOn -0.0006 -0.0030 -0.0048 0.0186 -0.0030 -0.0071 0.0044 
RMSE 0.0199 0.0192 0.0231 0.1347 0.15o6 0.48‘21 0.0379 0.0686 0.1042 
SD ratio 1.1188 1.0621 1.0285 1.0342 0.9677 1.1003 0.9806 0.9134 0.9914 
(A30) SEM si7e:2000 
true value (1.95 0.30 0.40 3.00 0.50 5.00 1.00 3.00 1.50 
rneati 0.9510 0.3006 0.4024 2.fJ997 0.4986 4.9?i:V2 1.0016 3.0071 1.4917 
bias -fl.flOlO -0.0006 -0.0024 0.0003 0.0014 0.0468 -0.0016 -0.0071 0.0083 
R M S E 0.0237 0.01 Sf. 0.0224 0.1349 0.1720 0.5372 0.0406 0.0637 0.1123 
SD ratio 1.1147 1.0598 1.0551 1.0241 1.0249 1.1708 l .Olol 0.8994 1.0467 
(A31) SEM size:2000 
true value 0.95 0.30 0.40 3.00 0.50 5.00 1.00 3.00 2.50 
mean 0.9514 0.3008 0.402-1 2.99% 0.4971 4.9404 0.9996 3.0088 2.4910 
bias -0.0014 -0.0008 -0.002-J 0.000-1 0.0029 0.0596 0.0004 -0.0088 0.009(1 
RMSE 0.0271 0.01 Til 0.0179 0.1315 0.1669 0.4893 0.0492 0.0630 0.1077 
SD ratio 1.0318 1.0179 1.009fi I.OIfil 1.1519 1.0020 0.9024 1.0212 
Uosign HaranKHftis 
飞 ( l ， l ) e . ( 4 ,4 ) e a n , . ^ )叫朽，内）< ^ . - ( 7 . 7 ) Tf 
true valii(•！ (Tn O (To O O O (To (TUn~ 
(A29) SEM si7.e:2000 
mean 0.4997 (1.500-1 0.-1997 0.4993 0.4797 0.4994 0.4988 0.5008 fixed 
bias 0.0003 -0.0004 0.0(10.3 0.0007 0.0203 0.0006 0.0012 -0.0008 
RMSE 0.0300 fl.0117 0.02(1.5 {).fl223 0.2764 0.0224 (1.0208 (1.0248 
SD ratio 1.0519 0.9434 1.0338 1.0370 1.0226 0.9899 0.9797 
(A30) SEM si7e:2000 
mean 0.4998 (1.5003 0.4997 0.4992 0.4961 0.4991 0.4987 0.4998 fixnl 
bias 0.0002 -0.0003 0.0003 0.0008 0.0039 0.0009 0.0014 0.0002 
RMSE 0.0299 0.0176 0.0206 0.0223 0.2913 0.022(1 0.0210 0.0242 
SD ratio 1.0574 0.M71 1.0370 1.0369 1.1-176 1.0178 0.9<S48 0.982-1 
(A31) SEM si7.f-:20()() 
mean 0.4999 0.5002 0.4997 0.4992 0.o0(i2 0.4987 0.-1987 O.nOflO fixed 
bias 0.0001 -O.OOfl；^  0.0003 O.OOOS -O.OOrvi 0.001 ；^  0.00 (I.OOOO 
RMSE 0.0299 0.0176 0.0206 0.(V22：? 0.24 Ki 0.0229 0.0215 0.()228 
SD ratio 1.0598 n.93-15 1.0383 1 1.10-17 1.0181 0.990(1 ().恥3-1 
96 
Uesign Parameters — — ~ — 
^ , <>22 631 O32 O41 t)42 051 bei 
true value 01)5 (17(1 (TlTn (TTo (TTd O H ( m i O D (17211 
(A32) SEM fii7e:200fl 
mean 0.6527 0.7010 0.6009 0.7462 0.7013 0.8013 0.8001 0.8595 0.9035 0.2006 
bias -0.0027 -0.0010 -0.0009 0.0038 -0.0013 -0.0013 -0.0001 -0.0095 -0.0035 -0.0006 
RMSE 0.0509 0.0422 0.0110 0.0460 fl.OlOO 0.0522 0.0114 0.0848 0.0257 0.0126 
SD ratio 0.9736 1.0513 1.1709 1.0421 0.9587 1.0816 1.0557 1.0480 1.0167 0.9313 
(A33) SEM si7.e:2000 
mean 0.6524 0.7009 0.6010 0.7461 0.7014 0.8012 0.8002 0.8「�92 0.9034 0.2007 
bias -0.0024 -0.0009 -0.0010 0.0039 -0.0014 -0.0012 -0.0002 -0.0092 -0.0034 -0.0007 
RMSE 0.0503 0.0412 0.0117 0.0453 0.0102 0.0512 0.01 If, 0.0692 0.0259 0.0108 
SDrat io 0-9751 1.0497 1.1.514 1.0474 (1.9640 1.0828 丨.(1.522 1.0170 1.0004 0.9262 
Design Parameters 
_ _ , • _ On O73 083 02:2 031 (pzz Al A2 A3 
true value 0.95 0.30 0.40 3.00 n.50 5.00 1.00 3.00 3.50 
mean 0.9511 (1.3009 0.4020 3.0002 0.-1985 4,9100 0.9977 3.0105 3.4928 
bias -0.0011 -0.0009 -0.0020 -(1.0002 0.0015 0.0600 0.0023 -0.0105 fl.0072 
RMSE 0.0287 0.0139 (1.0141 0.1287 O.lofi? 0.4331 0.(1587 0.0665 fl.lO.in 
SD ratio 1.1128 1.0081 1.0252 0.9989 0.9870 1.1136 0.9863 0.90o7 0.9869 
(A33) SEM si7,e:2000 
tme value 0.95 0.30 0.40 3.00 O.nO 5.00 1.00 3.00 4.50 
mean 0.9508 0.3010 0.4017 3.0002 0.4995 4.9408 0.9958 3.0122 4.4948 
bias -0.0008 -0.0010 -0.0017 -0.0002 O.OOOo O.no92 0.0042 -0.0122 0.0052 
RMSE 0.0291 0.0122 (1.0118 0.1274 0.1499 0.3997 0.0673 0.0704 0.1025 
SDra t io 丨‘1068 0.9982 1.(1137 0.9943 0.9678 1.0914 0.9773 0.9092 0.9641 
Design Faraineters 
• 叫 I . ’ " … 。 " ⑷ - 叫 叫 • M ) 叫 M ” • 讽 8 ) Vf 
tnifi value (K5 ( O O (Tn O [Tn (TT； (Ofe 
(A32) SEM si7e:2000 
mean 0.4999 0.5002 0.4996 0.4992 0.5096 0.4987 0.4989 0.50(12 fixed 
bias 0.0001 -0.0002 0.0004 0.0008 -0.0096 0.0013 0.0011 -0.0002 
RMSE 0.0298 0.0175 0.0206 0.0.2.23 (1.1976 0.0229 0.0219 0.0219 
SD ratio 1.0581 0.93.S4 1.0385 1.0340 1.0452 I.OKW 1.0073 0.9442 
(A33) SEM fii7(-20fl0 
mean 0.5000 0.5002 0.4996 0.4992 0.r,n 1 0.4987 0.4990 O.oOO.i fixeA 
bias 0.0000 -().0002 0.n(K)4 O.OnnS -0.0111 0.001.3 0.0010 -0.0003 
RMSE 0.0297 0.0175 0.0207 0.0222 (U7;W 0.0227 0.0221 0.0214 
SD ratio I -0538 0.9330 1.0389 1.0329 1.0162 I .OO-jo l.Olofi 0.9323 
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Table A.55: Simulation Result of the Classical approach (A29 - A33) 
Uesign Parameters 
5ll 521 522 Sal b41 ^42 bsi <>63 
true value 01)5 (TTH ( m i 0775 UJU WM O D (Il^o 
(A29-A33) Classical si7fi:2000 
mean 0.6502 0.6994 (1.5980 0.7421 0.701 o 0.7977 (1.7977 0.8063 0.9021 0.1965 
bias -0.0002 0.0006 0.0020 0.0079 -0.0015 0.0023 0.0023 0.0437 -0.0021 0.0085 
RMSE 0.1135 0.1041 0.0280 0.1071 0.0256 0.1230 0.0290 0.2396 0.0469 0.0154 
SD ratio 0.9852 1.0370 1.1908 fl.98n1 1.0982 1.0283 1.1787 0.8944 0.95Q5 0.R005 
Uesign Ir'araineteis 
b71 <>73 t)S3 (p22 (p32 033 
true value (T：^ O H (OTl TOT (Tod FTUd~ 
(A29-A33) Classical si;^e:2000 
mean 0.9506 0.2956 0.39fi6 2.9936 0.5428 5.2731 
bias -0.0006 0.0044 0.00:^4 0.0064 -0.0428 -0.2731 
RMSE 0.0389 0.0262 0.0406 0.2488 0.395：^ 丨.4196 
SD ratio 1.0838 0.9020 0.9226 (1.987(1 0.9332 0.9936 
Uesign Parameters ‘ "“ m H I I I ^ I I I I I I I ^ ^ ^ 
G,(‘2，‘2) 0 , (4 ,4) ea^ . . " ) 0 . (7 ,7 ) r； 
true value O O (TTn O O O ^ O (TOn~ 
(A29-A33) Classical size:2000 
mean 0.4990 0.4991 0.4988 0.4988 0.73on 0.497() 0.4976 0.5002 fixed 
bias 0.0010 0.0009 0.0012 0.0012 -0.2355 0.0024 0.0024 -0.0002 
RMSE 0.0348 0.0176 0.0204 0.0232 0.5671 0.0262 0.0222 0.0283 




true value 1.00 3.00 0.50 
mean 1.0109 2.9997 0.520(i 
bias -0.0109 0.0003 -0.0206 
RMSE 0.2361 0.1959 0.29-14 
SD ratio 22.4630 54.9； 8^7 98.098；? 
(A30) Classical siw:2000 
true value 1.00 3.00 1.50 
mean 1.0594 :U)l(Jfi 1.5390 
bias -0.0594 -0.0196 -0.0390 
RMSE 0.2601 0.2103 (1.3-123 
SD ratio 21.0551 51.4765 97.1687 
(A31) Classical sizf>:‘2_ 
true value 1.00 3.00 2.50 
mean 1.1069 3.d3fi7 2.5558 
bias -0.1069 -0.0367 -0.0558 
RMSE 0.3355 0.2323 0.3936 
SD ratio 22.7522 4a.4o;V2 94.6124 
(A32) Classical size:2000 
true value 1.00 3.00 3.50 
mean 1.1552 3.0559 3.5711 
bias -0.1552 -0.0559 -0.07-11 
RMSE OAM：] fl.2569 ().44(i；^ 
SD ratio 23.3939 48.0559 8(i.0292 
(A33) Classical Rize:2flfl0 
true value 1.00 3.00 4.50 
mean 1.2034 :V074fi 4.5919 
bias -0.2034 -0.07-16 -0.0919 
RMSE 0.5487 0.2850 0.5003 
SD ratio 24.1806 的 7 9 . 6 3 1 . 3 
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Table A.55: Simulation Result of the Classical approach (A29 - A33) 
Design Parameters 
^11 .<^ 21. &22 &31 b32 b4i 642 E5I Wl Si i 
true value (TTd ( m i (TTo 0770 ( m i (TWl (THn O D ~ 
(A34) SEM size:2000 
mean 0.6470 0.6980 0.6001 0.7498 0.7006 0.8006 0.7991 0.8502 0.909(i 0.1805 
bias 0.0030 0.0020 -0.0001 0.0002 -0.0006 -0.0006 0.0009 -0.0002 -0.0096 0.0195 
RMSE 0.0404 0.0309 0.0113 0.0313 0.0120 0.0377 0.0125 0.0655 0.0452 0.0794 
SD ratio 1.1290 1.0117 1.0026 0.9593 1.0141 1.0864 1.0149 1.0823 1.0612 1.1286 
(A35) SEM si7e:2000 
mean 0.6457 0.6979 0.5995 0.7492 0.7002 0.8000 0.7987 0.8464 0.9026 0.1954 
bias 0.0043 0.0021 0.0005 0.0008 -0.0002 0.0000 0.0013 0.0036 -0.0026 0.0046 
RMSE 0.0377 0.0297 0.0124 0.0304 0.0134 0.03fifl 0.0133 0.0o70 0.0416 0.0474 
SD ratio 1.0851 1.0079 0.9908 0.9963 1.0412 1.0774 0.9920 1.0940 1.1203 1.0150 
(A36) SEM size:2000 
mean 0.6458 0.6979 0.5997 0.7493 0.7003 0.8002 0.7988 0.8465 0.9007 0.1990 
bias 0.0042 0.0021 0.0003 0.0007 -0.0003 -0.0002 0.0012 0.0035 -0.0007 0.0010 
RMSE 0.0366 0.0291 0.0146 0.0298 0.015(5 0.0347 0.0150 0.0486 0.0336 0.03o3 
SD ratio 丨.0843 1 -Oflfifi 0.9307 0.9697 0.9896 1.0633 0.9315 1.0549 1.0879 0.9179 
Design I-'aramfiters ； 
^73* bs3 (?22 (^ia Al 
~ ( T O ) SEM si7e:20(H) 
true value 0.95 0.30 0.40 1.00 0.50 1.00 1.00 3.00 0.50 
mean 0.9nfifi 0.2908 0.4068 1.002‘1 0.4911 0.9797 3.0033 0.5004 
bias -0.0066 0.0092 -0.0067 -0.00-24 0.0089 0.0203 0.0037 -0.0033 -0.0004 
RMSE 0.0393 0.0694 0.0471 0.0744 0.11 l.，> 0.2787 0.038-1 0.0532 0.077fi 
SD ratio 1.0498 1.0879 0.9853 1.1.32n 1.1001 1 .Ofi12 1.09In 1.1057 1.0407 
(A35) SEM size:2000 
true value 0.95 0.30 0.40 1.00 O.nO 1.00 1.00 3.00 1.50 
mean 0.9535 0.2952 0.4000 1.0057 0.4990 0.996-4 0.9983 3.0037 1.5019 
bias -0.0035 0.0048 fl.OOOO -0.0057 0.0010 0.0036 0.0017 -0.0037 -0.0019 
RMSE 0.0396 0.0478 0.0329 0.0691 0.088n 0.2104 0.fl73fi 0.0602 0.0872 
SD ratio 1.0601 1.0236 1.0179 1.0848 0.9762 1.0190 1.0640 1.0036 1.0252 
(A36) SEM sizf!:2000 
true value 0.95 0.30 0.40 1.00 0.50 1.00 1.00 3.00 2.50 
rn«in 0.9f)丨 fi 0.2987 0.4003 1.0()o2 0.4988 0.9915 0.9949 3.0059 2.5049 
bias -0.0016 0.0013 -0.0003 -0.0052 0.0012 O-OOoo 0.0051 -0.0059 -0.0049 
RMSE 0.0319 0.0319 (1.0278 0.0fi61 0.0783 0.1797 (1.1053 0.07.i5 0.1002 
SD ratio 1.0153 n.9292 0.9301 1.0645 ().928fi 0.9(il7 0.9564 0.93:^8 0.9466 
Uesigii -Parameters 
飞 ( 1 1 ) 叫 2 ’ 2 ) 9 . ( 4 , 4 ) 叫 . y q ) G e ( f i . f i ) 叫 7，7) Ff 
ti uo value 0 3 O (Tn O O O O 1175 (Tfe 
(A34) SEM si7,e:2000 
mean 0.5004 0.4985 0.5003 0.4957 O.nOOo 0.4997 0.4988 0.5012 fixeA 
bias -0.(1004 0.001.5 -0.00(13 0.0043 -0.0005 0.000.'? 0.0012 -0.0012 
RMSE 0.0250 0.0189 0.0193 0.0226 0.1268 0.022(i 0.0199 0.02.38 
SD ratio 1.0292 1.(Wn 1.(K)3‘2 1.0962 1.0(117 1.0635 0.9794 1.1021 
(A35) SEM si7.fi:2000 
mean O.nOO! 0.4984 0.5003 0.4958 0.496-1 0.-1996 0.4987 0.o025 fixed 
bias -O.flOOl 0.00 Ki -0.000；^ 0.00-12 0.003(i 0.0004 (1.001；^  -0.002o 
RMSE 0.0247 0.0190 0.0192 0.0225 O.OOol 0.0237 (1.0198 0.023(1 
SD ratio 1.0168 1.0374 0.9998 1.0928 0.9633 1.1179 0.9577 丨.0788 
(A36) SEM si 汗:2000 
mean O.nflOl 0.4984 0.5003 0.49n7 0.4990 0.4999 0.4991 0.5(127 fixeA 
bias -0.0001 O.OOIG -0.000：^ 0.0043 O.flOlO O.flOOl (1.0009 -0.0027 
RMSE 0.02-)0 0.0190 0.0192 0.0226 0.0827 0.02.% 0.01% 0.0231 
SD ratio 1.0100 1 0.9995 1.0948 0.911.') 1.1-11-1 OlJfi-l] i m u 
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Ufisign Parameters 
. �2.1. 022 631 b3-2 O41 b42 (?51 
true value niT5 (TTD (OKI (TTo (1770 OTT ( m i O n O n {OH""" 
(A37) SEM fii7e:200fl 
mean 0.6460 0.6980 0.5998 0.7494 0.7(103 0.8004 0.7989 0.8470 0.9004 0.2000 
bias 0.0040 0.0020 0.0002 0.0006 -0.0003 -0.0004 0.0011 0.0030 -0.0004 0.0000 
RMSE 0.0363 0.0290 0.0167 0.0298 0.0176 0.0342 0.0166 0.0464 0.0303 0.0295 
SD ratio 1.0879 1.0036 0.8826 0.9721 0.9357 1.0518 0.8794 1.0587 1.0807 0.8737 
(A38) SEM si 把2000 
mean 0.6461 0.6980 0.5998 0.7495 0.7003 0.8005 0.7989 0.8472 0.9002 0.2003 
bias 0.0039 0.0020 0.0002 0.0(105 -0.0003 -0.0005 0.0011 0.0028 -0.0002 -0.0003 
RMSE 0.0361 0.0291 0.0184 0.0299 0.0191 0.0340 0.0180 0.0456 0.0287 0.0255 
SD ratio 1.0903 0.9976 0.8574 0.%96 0.9032 1.0402 0.8509 1.0681 丨.08fi0 0.8857 
—.Design Farampters 
073 083 022 032 033 Ai A^ A3 
r S ^ SEM si7.e:2000 
true value 0.95 0.30 0.40 1.00 0.50 1.00 1.00 3.00 3.50 
mean 0.9513 0.2998 0.4007 1.0046 0.4980 0.9920 0.9922 3.0075 3.5070 
bias -0.0013 0.0002 -0.0007 -0.0046 0.0020 0.0080 0.0078 -0.0075 -0.0070 
RMSE 0.0281 0.0285 0.0245 0.0650 0.0756 0.1745 0.1293 0.0895 0.1143 
SD ratio 0.9909 0.8773 0.8893 1.0553 0.9206 0.9623 0.9024 0.890(1 0.8858 
(A38) SEM si7e:2000 
tnie value 0.95 0.30 0.40 1.00 0.50 1.00 1.00 3.00 4.50 
mean 0.9511 0.3002 0.4008 1.004-1 0.4975 0.9904 0.9901 3.0087 4.5087 
bias -0.0011 -0.0002 -O.OOOiS -0.0044 0.0025 0.0096 0.0099 -0.0086 -0.0087 
RMSE 0.0261 0.0243 0.0218 0.0647 0.0745 0.1733 0.1472 0.1010 0.1259 
SD ratio 0-9782 0.8500 0.8713 1.0504 0.9191 0.9fi91 0.8760 0.8695 0.8499 
Design Parameters 
f a i 1) e“:u) e,(4.4) e,(7.7) “ 
true valup O O ID i (To O (TTn (TTi O (TTO~ 
(A37) SEM si7f:2000 
mean ().5()01 0.4984 0.50(12 0.4957 O.-'iflOT 0.5(丨 0(1 0.5027 fixeA 
bias -fl-OOfll 0.00 Ui -0.0002 0.001：? -(1.0007 O.OOflfl 0.0008 -0.0027 
RMSE 0.0254 0.0190 0.0193 0.0:227 (1.0803 0.0.2加 0.0195 0.0231 
SD ratio 1.0001 1.(1313 0.9999 1.0981 0.9178 1.1548 0.9fi84 1.0820 
(A38) SEM si7e:200fl 
iw^aii (1.5000 0.4984 0.5002 0.4957 O.oOUi O.oOOl 0.4992 0.5027 fixed 
bias 0.0000 0.00 Ki -0.0002 0.0043 -0.0016 -0.0001 0.0008 -0.0027 
RMSE 0.0257 0.0189 (1.0193 0.0228 0.0792 0.023G 0.0195 0.0230 
SD ratio 0-9906 1.030(1 1.(1010 1.1013 0.9316 1.1630 0.9714 1.0831 
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Table A.55: Simulation Result of the Classical approach (A29 - A33) 
Design Parameters — 
<>11 b21 b22 ^31 b32 041 Ssl UTl SfiS 
true value n iw OTTH OUn U7l7i HTTD ( m i o n (THn (m (TTU~ 
(A34-A38) Classical Ri7.e:2000 
mean 0.6571 0.9844 0.6181 0.9792 0.6831 1.0490 0.7737 0.9183 1.1203 -0.2442 
bias -0.0071 -0.2844 -0.0181 -0.2292 0.0169 -0.2490 0.02fi3 -0.0683 -0.2203 0.4442 
RMSE 0.0590 0.9712 0.3940 0.8492 0.2090 0.7314 0.1500 0.1124 0.5983 1.2659 
SD ratio 1.0163 0.3484 0.3406 0.4855 0.3826 0.4丨48 0.6725 0.3252 fl.6017 
Design Parameters 
<^71 (>73 "Sjj 
true value (OH (Rd mTl OTJd T IKT“ 
(A34-38) Classical si 汗:2(10(1 
mean 1.1616 -0.1436 0.4503 1.0097 0.4082 0.6777 
bias -0.2116 0.4436 -0.0503 -0.0097 0.0918 0.3223 
RMSE 0.7740 1.7314 0.0771 0.1327 0.1609 0.5003 
SD ratio 0.3262 0.5198 0.7680 0.9679 0.6351 0.6477 
Design h'arameters 一 
〜(‘V)) 队 ( 4 ， 4 ) 礼 〜 ( 6 ， f i ) ee(7,7) (6 Am rf 
true value O 03 (U5 (TTJ (Tn (TTJT^  ( O O (TDn 
(A34-A38) Classical ‘size2000 
mean 0.4783 0.4940 0.4988 0.49(15 0.fir21 0.4991 0.4899 fixed 
bias 0.0217 O.OflfiO 0.0012 0.009') -0.1 121 0.0065 0.0009 0.0101 
RMSE 0.0579 0.0215 0.0231 0.050-1 0.194-1 0.0434 0.0245 0.0306 
SD ratio 1.029,5 1.0(157 1.0543 丨.4917 0.6038 1.2995 0.9912 1.0746 
Uesign Parameters 
( r a n 1 Classical 2 
true valufi 1.00 3.00 0.50 
mean 1.0456 3.0037 (1.44fi5 
bias -0.0456 -0.0037 0.0535 
RMSE 0.4879 0.2989 0.204-1 
SD ratio 27.1784 40.0213 39.7036 
(A35) Classical size:'細 0 
true value 1.00 3.0(1 1.50 
mean 1.5890 3.0905 1.2817 
bias -0.5890 -0.0905 0.2183 
RMSE 0.9244 0.4077 0.4024 
SD ratio 30.8393 40.1363 52.6589 
(A36) Classical siw:2000 
tnif； value 1.00 3.00 2.50 
mean 2.1323 3.1774 2 1168 
bias -1.1323 -0.1774 0.3832 
RMSE 1.6302 0.5692 O.fioH 
SD ratio 33.20fi8 34.9914 53.6389 
(A37) Classical size:2000 
true value 1.00 3.00 3.50 
mean 2.6756 3.2642 2.9520 
bias -1.6756 -0.2(i42 0.5480 
RMSE 2.3764 0.7M0 (1.9104 
SD ratio 34.0777 32.1485 52.849') 
(A38) C:iassiral si7.e:200n 
true value 1.00 3.00 4.50 
mean 3.2190 3.35 H 3.7872 
bias -2.2190 -0.3511 0.7128 
RMSE 3.1.343 0.9391 1. 1729 
SD ratio 3 t.:^9f)9 3fl.rr297 52.0ir)2 
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Table A.55: Simulation Result of the Classical approach (A29 - A33) 
U e s i g n ~ t^arameters . , , , 
571 ST； E22 531 641 042 051 ^ "63 
-t?nFvame (J：^ {TTO ( m i OTTo (TTn O D O H UM 
( A 3 9 ) S E M s i z e : 2 0 0 0 „ …名 
mean 0.6494 0.7018 0.5994 0.7468 0.7014 0.8001 0.7998 0.8462 0.9032 0.1944 
bias 0.0006 -0.0018 0.0006 0.0032 -0.0014 -0.0001 0.0002 0.0038 -0.0032 0.0056 
RMSE 0.0385 0.0335 0.0099 0.0388 0.0116 0.0386 0.0124 0.0593 0.0280 0.0422 
SD ratio 0.8666 0.9498 0.9248 1.0091 1 .fl35fi 0.9269 1.0647 1.1247 1.1298 l.Olfifi 
(40) SEM Ri7.e:20fl0 „ ,„。_ 
mean 0.6503 0.7018 0.5997 0.7479 0.7012 0.8007 0.7997 0.8457 0.9013 0.198o 
bias -0.0003 -0.0018 0.0003 0.0021 -0.0012 -0.0007 0.0003 0.0043 -0.0013 O.OOIn 
RMSE 0.0383 0.0313 0.0102 0.0367 0.0117 0.0371 0.0133 0.0510 0-0284 0.0362 
SD ratio 0.9218 0.9620 0.8917 1.0334 0.9877 0.9685 1.0874 1.0389 0.98o2 0.9773 
(A41) SEM si7e:2000 „ „ � 
mean 0.6514 0.7020 0.6000 0.7485 0.7015 0.8014 0.8000 0.84fi4 0.8997 0.2009 
bias -0.0014 -0.0020 fl.OGOO 0.0015 -0.00 In -0.0014 0.0000 0.0036 0.0003 -0.0009 
RMSE 0.0378 0.0299 0.0120 0.0350 0.0133 0.0363 0.0150 0.0456 0.02n6 0.0314 
SD ratio 0.9485 0.9699 0.8953 1.0463 0.9734 1.0035 1 -0803 I.OflU fl.9o70 0.99n4 
IJfisign Parameters 
Wi ^ < 5 5 2 2 < p 3 - 2 O33 M 入2 ^ 
r s ^ rn SETO sizoi'iOdO 
true value 0.95 0.30 0.40 1.00 0.00 1.00 1.(10 3.00 0.50 
mean 0.9529 0.2965 0.4042 1.0047 0.0049 1.0030 0.9998 3.0038 fl.50nfl 
bias -0.0029 0.0035 -0.0042 -0.0047 -(1.00-19 -0.0030 0.0002 -0.0038 -fl.OOnO 
RMSE 0.0265 0.0428 0.0427 0.0704 0.0919 0.2538 0.0341 0.0490 0.0685 
SD ratio 1.0705 0.9880 1.0380 0.85fi5 0.9867 1.0621 0.9886 0.9187 0.9696 
(A40) SEM size: 2000 
true valufi 0.95 0.30 0.40 1.00 O.flO 1.00 1.00 3.00 1.50 
mean 0.951� 0.2990 0.4006 1.0027 0.0038 1.0028 0.9992 3.0050 1 .nfl69 
bias -O.OOn O.OmO -0.0006 -0.0027 -0.0038 -0.0028 0.0008 -0.0050 -0.0069 
RMSE 0.0291 0.0367 0.0283 0.0665 0.0828 0.2039 0.0569 0.0509 0.0744 
SD ratio 0.9885 0.98fi7 0.9445 0.8198 0.9678 0.9840 0.9306 1.0138 0-9856 
(A41 SEM size:200fl 
true value 0.95 0.30 0.40 1.00 0.00 1.0(1 1.00 3 00 2-50 
moan 0.9506 0.3006 0.4013 1.0000 0.0010 0.9955 0.9942 3.0082 2 nll( l 
bias -O.OOOfi -0.0006 -0.0013 0.0000 -0.0010 0.0045 0.0058 -0.0082 -0.0110 
RMSE 0.0262 0.0305 0.0250 0.0660 0.0787 0.1876 0.0884 0.0655 0.0904 
SD ratio 0.9G5Q 0.9907 0.9fi05 0.8261 0.9514 0.9640 0-9584 �.0571 丨.(Khfi 
Ufisisn PararPieTers 
. 礼(1,1) (:M‘V2) e,(4,4) (-)力，7) H) rj 
true value (U5 O (Ui (Tli O O OTn O iHTn 
(A39) SEM si 7.*^： 2000 
mean 0.4518 0.4903 0.4979 0.4993 0.r,.¥J l^ 0.4729 0.1895 0.4887 fixed 
bias 0.0482 0.0097 0.0021 0.0007 -0.0594 0.0271 0.0105 0.0113 
RMSE 0.1610 0.0217 0.0240 0.0258 0.1573 0.0761 0.0371 0.0293 
SD ratio 0.651 fi 0.8990 1.1(101 1.0900 0.5238 0.3523 1.0131 0.9n78 
(A40) SEM si 7.0:2000 
mean 0.5004 0.4987 0.5023 0.4999 0.4962 fl.4990 0.4983 0.4990 fixeA 
bias -0.0004 0.0013 -0.0023 O.flOfll 0.0038 0.0010 0.0017 0.0010 
RMSE 0.0227 0.0174 0.0218 0.0222 0.0976 0.0203 0.0217 0.0191 
SD ratio 0.9026 0.9500 1.1192 1.0596 0.9716 1.0154 1.1034 0.882n 
(A41) SEM size:20nfl 
mean 0.5008 0.4987 0.5021 0.4997 O.nOO I 0.4991 0.-19<S4 0.4989 fix.td 
bias -0.0008 0.00 -0.0021 (1.0003 -0.0001 0.0009 0.00 Hi 0.0011 
RMSE (1.02.30 0.017(1 (1.0221 0.0221 ().0!)()(i 0.0200 0.0216 0.0192 
SD ratio 0.9029 0.9462 1.1181 1.0.57厂1 O i m i 丨.(川)(丨 丨2� 
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l i f s i i l s l l i i i i 
M l J i J l l L ^ ^ l J O L 
Design Parameters r ^ XI 
RMSE 0.0244 0.0260 0.(1222 fl.dfi-W 0-0. W .182o 0.1118 0-0808 0-106n 
SD ratio 0.9604 0.9874 0.9626 0.81% 0.9422 ().9n/fi 0.9600 丨 1 . ( 赐 y 
(A43) SEM ^'^fJOOfl 3.00 4.50 
二 3 S s (US?0 ； 0 0022 0.9967 0.9902 301 .3 二 4 
冗 S -0.0003 -0.0008 -0.0010 -0.0014 -0.0022 0.00,T 0.0098 -0.0113 -0.0 54 
RMSE 0.0233 0.0226 0.0198 0.0630 O m ^ J , 丄 ? " q f i n q 0078 
SD ratio 0.9554 0.9849 0.9629 0.8172 0.93^6 0.9.>t/ 0 . % 0 9 — — l i M i — — 丨 . 画 
^ a n ^ ) / A . 
-true value ( b " ^ O " o i P flT^ (TT^  
( 八 0 '04997" O.nOOr, 0.4901 0-4984 0.4990 fixed 
-0 0006 O'.JO -0.0006 0.0009 0.0016 0 0010 
^VIQP n n ' m 0(117(5 0 fl'^21 (1021 0.0878 0.0199 0.021 / 0.0191 
？)：900? 0 ^ 6 8 ？：??97 ？ ^ i i 0.9661 1.006, 1.1053 0.8975 
( , 二 力 7 0 5020 0.5006 0.4991 0.4984 0.4990 fixeA 
-0.0005 I m U - o S ?)：0002 二 O - O O O O OOO], 0 . 0 , 0 
RMSE 0.0235 0.017fi 0.0221 0.0221 0.08n9 0.0198 0.02W Q.iUM 
SD ratio 0.R99G 0.9473 1.1207 1 -0548 0.9667 1 
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Table A.55: Simulation Result of the Classical approach (A29 - A33) 
(A 爷 r) 溫 S-ifl^ ?^  二 iS 二 ^^  二 
P^'Afp 00608 0 8631 0761 0 3590 0 2941 0.5339 0.4525 0.0794 0.7187 0.7756 
S D ^ r f t l i!:?499 ？：1332 1!：8809 0-9057 0-9415 0-9741__0-6178 0-4272 (1.4277 
Uesign h'arameters , 
^ 583 022 03> 033 
t n i . v a l u e ^ — — ( O ] ( i l l ^ ^ ^ ^ 
f A39-A43) Classical si7.e:2000 „ … 。 
( r ? 二 ） 1.0897 0.1574 0.4215 0.9981 -0.0631 0.8733 
bias -0.1397 0.1426 -0.0215 0.0019 0.0631 0.1267 
二丨？：二 SS g:丨溫 g:溫�ii; 
true value O (O； O ^ ^ ^ ^ 隐 
( A = 4 3 ) 0 . : : 細 二 3 0.5594 0.4729 0 4895 0 4887 fir.eA 
S 0.0482 0.0097 0.0021 0.0007 -0 0594 0.027 O.OlOo 0.0 13 
R M S E 0.1610 0.0217 0.0240 0.0258 0. n73 0.076 ？ . 监 O . Q ^ 
SD ratio 0.6516 0.8990 1.1001 1.0900 0.5238 1.0131 t L ^ 
Design Parameters 
A l A o A g 
(A39 ) Classical si7e:2()()() 
true value 1.00 3.00 0.50 
mean 2.1748 3.1436 0.3289 
bias -1.1748 -().1436 0.1711 
RMSE 1.3636 0.2912 0.3258 
SD ratio 26.0849 21.5673 31.9894 
(A40) Classical s i w : 2 _ 
true valuo 1.00 3.00 1.50 
mean 2.8655 3.27(13 1.2551 
bias -1.8655 -0.2703 0.2449 
R M S E 2.1135 0.4365 0.4393 
SD ratio 25.1512 19.0591 27.o68fi 
(A41) Classical s i w : 2 _ 
true value 1.00 3.00 2.50 
mean 3.5n63 3.3970 2.1813 
bias -2.5563 -0.397fl 0.3187 
R M S E 2.8719 0.5936 0.5ofi9 
SD ratio 24.2457 17.9058 25.1987 
(A42 ) Classical si7.e:200fl 
true value 1.00 3.00 3.50 
mean 4.2470 3.5237 3.1074 
bias -3.2470 -0.5237 0.392€) 
R M S E 3.6336 0.7552 0.fi764 
SD ratio 2:lfi869 17.2852 23.8043 
(A43) Classical si7.o:2000 
true value 1.00 3.00 4.50 
mean -1.9377 .'i.fioOl "Ul.TWi 
bias -3.9377 -OiinOI (Ufi(;l 
RMSt： 4.3969 0.9189 0.7%9 
SD ratio 2:^.3181 lfi.9127 22.90r>2 
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Appendix B 
Result of the Empirical Study 
Table B.l: Estimated factor loading B (by the SEM approach) 
Stocks HSNK HSNU HbM^ " b l 
estimate H W T 二 = : ^ F J W ^ 
.Ti sd 0.2521 - - 一 
t-value 4.3654 - ： -^ ；'^ "：^ 
e s t i m a t e 1 . 8 1 2 U = = = •力)。i 二, 
r , sd - - - - 0.0486 
t-value - 7.0919 
estimate TTmi = = = -^V.;巧。 
工3 sd 0.3184 - - - 0 
t-valiie 5.42G9 -
estimate = m m = = T F S T " 
fid - 0.3305 - -
t-value - 8.139-1 - -
estimate = rWTI : - ^ ^ i H r a ^ 
.T5 Sd - 0.2480 - - 0\220 
t-value - 7.9323 - J： ;^-' 
(estimate = '2.bli5(i : ~ -丄).„� 
rr sd - _ - 一 0.0411 
6 t-value - -20.8749 
estimatf^ = = OTI7 = -‘人《/么9 
TV sd - - 0.3735 - 0.4n53 
t-vaUie - - 9.1861 - -0.31^ 
e s t i m a t e ~ r W 7 : T I M n = 
xs sd 0.3892 - 0.5791 - O.filf^ 
t-valuo 3.8399 - 7-0-107 - -S.31/2 
estimate = = 5-7411) = 
sd - 0.06.14 
t-vah.e - - - -Sn^'-'IV 
estimateTTUTWI : ^HTWl = ' ' 
.7:10 sd 0.6829 - 0.ri217 - O rn J 
t-vahie n.7ol7 - -Oi^^^H - -2.49^^ 
e s t i m a t e n W ) = = 
,Tn sd 0.4688 - 0.60:^1 -
t-value 3.8291 - 0 - -2-041^ 
es t imatenTTITO = n^ HTiT； = -J - J , 
7.,., sd 0 4437 — 0.5732 - 0.6208 
' ' t -4 ! u . 3 7709 - l . ^ m - -2.8809 
^StmTat^~OTHTl = = 巧 
rrn sd 0.5906 - -
t-value 5.7162 - - 1.0n92 -2., / On 
e s t i m a t e 二 = : 、、.彻。 
.1:14 Rcl - - - -
<:-valiie - - - -64.2861 -
pstitnale 21TRT2 = HOTTo -U.o/V/ -2741)1/ 
. rn « l 0.5207 - 0.7o22 0.9.TV2 1.570:1 
t-value 4.0029 - 2.、318 -0.(il71 -1.58(w 
estimate : = = 謂 
sd - 1.0192 1.1663 
” t-value - 0.1788 0.395：^ 
ostimato = = = r r ? ^ - ( I . 删 
.们 7 scl - - - 0.86.",4 0.9927 
‘ (-value - - - 2.0(i<Sl -0.9228 
estimate : = = <'-l '<vi T^TTTTT]^  
sd - - - l.-lfiHT I 
‘ (.value - - 4.21W) 
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_ 0.8574 0.9818 
19 t value - - - 1.5591 -0-8587 
pVhmate = = 二 ^ r r m -'2.Ylnb 
estimate _ _ _ 1.2226 1.4021 
2。 t value - - - 2.5554 -1.9368 
estmate -I HU/J——二 = ^ O T T f f i • 丄 脳 
estimate _ _ 1.1239 1.3410 
如 t vSuP .3 r>99 - — -0.3103 1.9116 
estimate _ _ _ 1.0007 1.1420 
t va „e - -3.2839 3.9115 
二 = 【 = = 二 O W ? ~ - ' 2 . V 2 A ' I 
estimate _ 0.9241 1.0588 
t value - - - 2.3772 -2.0063 
, e s t i m a t e ⑽ & ： ： 
丄 - 3 8003 - - 0.14；8 1.7890 
oatimate = = = ^TTDBD - 二 = 工.乃 丨0 - - - - 讯 腿 
Table B.2: Estimated risk premium A (by the SEM approach) 
Ti es t ima te s.d. t-value 
H S : \ F U . 2 7 2 U U . 1 / / 4 “ 1 . 5 3 3 4 
H S N U 0.2496 0 .1033 2.416G 
H S N P 0 .4316 0 .2417 1.7854 
H S N C 0 .4717 0 .2319 2 .0340 
H S I 0.3922 0 .2027 1.9353 
Table B.3: Estimated factor covariaiice matrix 少(by the SEM approach) 
小“ HSNK HSM , HS.SF HSNC HSI 
fisOmal? I'i.KilS “ 
HSNF s.d. 0.1fi99 
t-value 71.5877 
estimate RTmS “ 
I ISNU s.d. 0.0698 0.1208 
t-value 91.5494 32.6198 
- e s t i m a t e r O n T T i K ^ W 
HSNP s.d. 0.0487 0.0335 039n 
t-value 333.8247 253.8284 _ _ , ⑴ , 謂 _ 
HSNC s.d. 0.0397 A O; ' « 
, v i l i i c '^ Sn 7214 266 1447 803..-) 14.) i .09.U 
HSI h二 y S i i u l s V Ubbb - 18.5y7U i v .6b32 lb .488U 
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Table B.4: Estimated error covariance matrix (by the SEM approach) 
e A i . l ) est imate s.d. t-value 
e : ( l 1 ) t m i 0 . 5 9 6 1 i 3 . 4 U 8 U 
0 , 2 ,2 8.0980 0.6309 12.8354 
0 - 3 , 3 10.8765 0.8282 13.1332 
0 , ( 4 , 4 ) 5.8813 0.7026 8.3707 
0 , ( 5 , 5 ) 6.4806 0.5532 11.7144 
0 , ( 6 , 6 ) 4.8656 0.6029 8.0708 
0 , 7 ,7 7.2836 0.6379 11.4180 
0 , 8 ,8 8.6811 0.7878 11.0194 
0 , 9 ,9 ) 4.1682 0.7899 5.2769 
0 , ( 1 0 . 1 0 ) 12.5693 1.3314 9.4406 
0 , I L l l 17.3850 1.2766 13.6185 
0 , 12:12) 15.3024 1.1183 13.6833 
0 , 13:13) 16.8032 1.4960 11.2319 
0 , ( 1 4 ： 1 4 ) 7 . 6 7 2 6 1 . 0 0 7 0 7 . 6 1 9 5 
0 . ( 1 5 ； 1 5 1 3 . 3 2 2 6 1 . 0 3 3 6 1 2 . 8 9 0 1 
0 ： ( 1 6 ： 1 6 ) 3 2 . 8 0 7 7 2 . 3 1 0 6 1 4 . 1 9 8 5 
0 , ( 1 7 ； 1 7 ) 1 4 . 4 2 8 2 1 . 1 5 9 7 1 2 . 4 4 1 1 
0 . ( 1 8 ； 1 8 ) 2 0 . 7 6 1 0 2 . 2 7 6 5 9 . 1 1 9 5 
0 ； 1 9 ： 1 9 2 0 . 3 3 5 2 1 . 4 7 2 5 1 3 . 8 1 0 2 
0 . ( 2 0 ； 2 0 ) 3 8 . 9 2 7 8 2 . 8 5 0 0 1 3 . 6 5 8 8 
0 : 21:21) 30.2673 2.3149 13.0748 
Q I ( 2 2 : 2 2 ) 24.0202 1.8365 13.0795 
0 ； ( 2 3 ； 2 3 ) 2 4 . 7 5 0 8 1 . 7 7 1 7 1 3 . 9 7 0 0 
0 . ( 2 4 ； 2 4 ) 6 7 . 2 0 2 8 5 . 6 0 1 6 1 1 . 9 9 7 1 
0 ； 2 5 ； 2 5 3 1 . 2 4 7 6 2 . 6 5 6 2 1 1 . 7 6 4 0 
0 , ( 1 ； 2 ) 1 . 6 6 1 4 0 . 4 3 2 3 3 . 8 4 3 7 
0 . 2 ,3) 1.9158 0.5146 3.7230 
0 ： ( 5 , 8 ) 0 . 3 0 9 3 0 . 4 3 4 8 0 . 7 1 1 2 
0 ； ( 5 . 1 1 ) 2 . 5 4 5 1 0 . 5 8 8 6 4 . 3 2 4 1 
0 , ( 6 , 7 ) 0 . 1 6 9 7 0 . 3 8 2 3 0 . 4 4 3 8 
0 , ( 6 . 1 4 ) - 0 . 4 1 9 3 0 . 4 5 2 6 - 0 . 9 2 6 4 
0 : 7:14 4.3720 0.6183 7.0712 
e： 8：11 0.6671 0.7017 0.9506 
0 / ( 1 0 . 1 3 ) 7 . 0 1 0 6 1 . 1 6 3 3 6 . 0 2 6 4 
0 . ( 1 5 ； 1 7 ) - 0 . 8 0 1 6 0 . 7 7 1 5 - 1 . 0 3 9 0 
0 : 15:19) 3.1450 0.87G6 3.5877 
0 . ( 1 6 ： 2 1 ) 6 . 8 1 3 0 1 . 6 5 4 2 4 . 1 1 8 6 
0 . ( 1 7 ： 1 9 ) - 0 . 9 0 4 0 0 . 9 2 4 8 - 0 . 9 7 7 6 
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Table B.5: Estimated squared multiple correlation (by the SEM approach) 
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Table B.7: Estimated factor loading B (by the Classical approach) 
Stocks HSiNt< HbNU HSNP H S ^ C n ^ i 
estimate - O l W i 0 9 2 7 -U.MZ2 (EU^TI 
estimate ^ 0.3448 0.5693 0.6073 1.0373 
‘ 2.3513 -0.1051 (1-6898 -0-8765 0.0213 
es t ima te ITHT^D = = = 
^ oH - - - - 0.0493 
t vah.P - - - - -17.0780 
estimate • , ’ 働 ~ - ( i - � I - ' « ! o o 
T3 sd 0.6910 0.5396 0.8839 0.9503 1.6129 
3 t-val(ie 3.4296 -1.9900 -0-6664 1.2108 -0-7829 
est.mat. (j.V44d 2.1441 则 I ^^-；；!；']' 
r4 sd 0.4599 0.3984 0.5951 0.6259 1-0745 
‘ t-value 1.61R9 5.3823 - 1 . 6 8 5 6 _ _ - 0 . 6 2 8 2 _ _ 0 - 2 8 4 5 
e s t i m a t e i m m HTnT^ ^ ^ ^ ^ ^ 八 
r , sd 0.4220 0.3530 0.5387 0.5 0.978/ 
t-value 1.5648 4 . % 10 -0.6221 -0-5361 -0-2413 
estimate = 2 3 T B D = = 二 
~ cH - - - 一 0.04,i.-i 
•狗 - - - - -20-2740 
o s t m T i t ^ ^ r ^ m ^ r n m ~ r n p ： ； ； ^ 
X7 Sd 0.4140 0.3204 0.5811 (U2_99 
t-value 1.5911 -1.(103(1 1.9021 -5.4749 3 29o0 
estate TOPI^^J^ 
xs sd 0.7250 0.5629 0.9873 0 .9% 1 1.7n73 
8 t-value 3.3488 -2.2286 2.8866 -1.4895__-1.262. 
estimate 二 = 5 . 7 4 1 U = - 恐 j 
Tn sd - - 一 
t 二 ue - — - -82 •6601 
e s t i m a t e K W I U ^ T i m ^ ^ T T m ^ ^ ^ ？ • 二 
•Tio sd 2.1817 1.6906 2.8078 2 93。^ ？ 斤 ] 
t-value 4.0919 -2.7850 -2 0413 -1.8374 . 盟 / 
e s t i m a t e T J m ^ O I H B ^ ^ 
.T„ sd 0.7456 0.5793 0.9538 1.0211 -7382 
t-vahif> 2.9inn 0.5244 -0-4186__-f 270 •OO/o, 
e s t i m a t e [ 7 7 3 1 3 ^ I T T O ^ TTTra O T f ^ 二 ） 
X12 sd 0.6519 0.5059 0.8429 0.892n 1 5320 
t-value 2.G757 -0.8635 1.3904 0-4857 -丨 
e s t i m a t e ~ K T i m ^ U ； ^ 7 . 3 1 9 1 
r , o sd 1.9744 1.5474 2.5544 2.6880 4.6202 
13 t-valu. 4.1657 -2.9444 -1-9923 -1-6806__1.5842 
ostimate = 二 - 已 働 u 
.7；1‘1 sd - - - O.Oo 13 -
t" Veil I If — — — 丨 — 
e s t i m a t e 7 n M 2 ^ i r n T T T T Z T T ^ 
r i , sd 0.6721 0.5199 0.8970 0 . 9 £ 2 
” (.-value 3.1 in2 -0.1： 7^8 2.4712 n .609n__-• I .nUQ 
estiniaie - I J I4 InTTTTTI f T O T ？ 
T r sd 0 9765 (1 7541 1.2429 1.3o40 2.2 
’Ti6 ^ m J I O.M.^ 2 . 5 5 3 9 _ _ - 1 . ^ 3 7 
e s t i m a t e ( i m ( T W I ^ ^ ： ^ 
Ti7 fid 0.6968 0.5878 0.8940 0.9/^o 
1' t-value 0.0065 0.3501 -0-7866 1 - f i O f i ? _ _ 
e s t i m a t e r ^ - 1 . 1 9 ^ 4 ？ T ^ J T 
.ri8 sd 0.970fi 0.7489 1.231n 
t-valuo 1.0621 -(1.8596 -0.160：^ : .22j0 -
e s t i m a t e ~ ( U O T n ( O T O ) ^ i m j o ^ ' o i q 
sd 0.6823 0.5298 0/;J60 Q9-IV2 1 .o91_9 
t-valm) (1.7818 1.0362 -0 1283 2 4 / 8 8 _ _ _ 
estimateTTTJTTl TUUK^ FTHZZl mKTE 
.T20 Sd 1.2246 0.943.5 丨 1 . ^ 9 ： 2 
t-valuc -1.2n24 1.0685 1.1659 4.09’Y2 -‘2.90)8, 
109 
Stocks UTi HSNF HSNU HSNF HSNC H b l — 
est.Alate T T T T H l ？ f ^ b f l 
xo, Rd 1.1447 0.8827 1.4683 1.5833 2.6814 
t-value -2.4946 0.6033 1.4834 2.3099 -1-4780 
e s t i m a t e ~ H l T J H o T W U [3297 
X.,,, 3d 0.9142 0.7103 1.1839 1.2529 2.1479 
t-value -2 2768 2.0674 2.0292 1.2209 -1.3041 
eshmafe ().8918 -。•川.•！ -UHhh O . h U o l 0 7 7 ^ 
x.)3 sd 0.7318 0.5681 0.9463 1-0010 1-7131 
t-value 1.2186 -1.252 丨-1.,5709 0-8043 0.463o 
e s t i m a t e ~ f T M H ~ ~ ： ^ ： ^ ^ -u.M^o 
X04 sd 1.6459 1.2715 2.1001 2.2820 3.8497 
t-value -2.2019 0.2275 0-3946 1.4609 -0.1443 
estimate = = : STTDUD 
a；.,. sd - - - 0.092o 
t-value - - - -^7.6012 
Table B.8: Estimated risk premium A (by the Classical approach) 
Xl es t imate s.d. t-value 
-ESNF-0.0809 0.0259 -3.1212 
HSNU -0.0682 0.0197 -3.4594 
HSNP -0.0193 0.0315 -0.6125 
HSNC 0.0394 0.0313 1.2578 
HSI 0.0191 0.0271 0.7025 
Table B.9: Estimated factor covariaiice matrix 少 (by the Classical approach) 
(l>" H S N F H S M Hb.^t- Hbl 一 
estimate 
HSNF s.d. 0.1805 
1-valiie 68.3041 
estimate ？TTTJJ^Rl “ 
HSNU s.d. 0.1094 0.1164 
“ t-valuf! 60.2134 33.9738 
estimate HUHiV. JUJMTl 221)078 
HSNP s.d. 0.0728 0.0458 0.0485 
t-valuf> 224.2155 186.3109 4fifi.1709 
es t ima te rTT^Ma JOTT?^  TTTRn^ •川.(I:謂 
HSNC s.d. 0.0597 0.0445 0-0307 0.0393 
t-value 257.5198 181.3089 689.6517 517.5613 
HSI I 3 . 3y i b y.u(j拙 I8.byvu i i m s ' i i b A E S u -
Table B.IO: Goodness-of-fit statistics (by the Classical approach) 
" " b t a t i s t i c s N a l i i ^ 




LISREL Program for the 
Empirical Study (by the SEM 
Approach) 
Final ized S E M program ‘ , , , • 
D A ！ Define the total number of variables and the method of analysis. 
N I = 2 5 M A = C M 
LA ！ Label the observed variables for analysis ^ ^^ ^^ _ _ , 0 0 vQ'^ v94 
x l x2 x3 x4 x5 x6 x7 x8 x9 x lO x l l x l 2 x l 3 x l 4 x l o x l 6 x l / x l 8 x l 9 x20 x21 x22 x23 x24 x2o 
H A F l 二 r e t um .da t ！ Locate the file tha t contains the raw data . 
M O 
N X = 2 5 ！ Numbe r of observed variables. 
N K = 5 ！ Number of unobserved variables. . 
T D二 S Y ！ The error covariance matr ix is considered to be symmetr ic . 
P H二S Y ！ The factor covariance matr ix is considered to be symmetr ic . 
T X 二 F R ！ Free the intercept terms for estimation. 
K A 二 F R ！ Free the latent means for estimation. 
L K ！ Label the unobserved factors in sequence. 
H S N F H S N U H S N P H S N C H S N I 
PA L X ！ Specify the fixed loading entries by “().. and the free entries by “l , : . 
1 0 0 0 1 
0 0 0 0 1 
1 0 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 0 0 0 1 
0 0 1 0 1 
1 0 1 0 1 
0 0 0 0 1 
1 0 1 0 1 
1 0 1 0 1 
10 10 1 
10 0 1 1 
r ^ ^ E L regards everything on a line following after aii exclamat ion mark (!) as comments . 
Ill 
0 0 0 1 0 
1 0 1 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
1 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
1 0 0 1 1 
0 0 0 0 1 
PA P H I ！ Specify the fixed factor covariance entries by "CT and the free entries by ‘:1，:. 
1 
1 1 
1 1 1 
1 1 1 1 
0 0 0 0 0 
PA TD ！ Specify the fixed error oovariances entries by “0” and the free entries by “1,:. 
1 
1 1 
O i l 
0 0 0 1 
0 0 0 0 1 
0 0 0 0 0 1 
0 0 0 0 0 1 1 
0 0 0 0 1 0 0 1 
0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 1 
0 0 0 0 1 0 0 1 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 1 0 0 1 
0 0 0 0 0 1 1 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
PA T X ！ All intercept terms are fixed. 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
PA K A ！ All latent means are free for estimation. 
1 1 1 1 1 
M A LX 
* 
0 0 0 0 0 
1.812 0 0 0 0 
112 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 2 . 5 1 6 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 5.741 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 5 . 0 6 5 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 5.706 0 . . , , ！ Values corresponding to fixed entries from "PA LX，. will be fixed at the specified ；二es. 
！ Values corresponding to free entries from "PA LX” will be used as the starting values. 




0 1.8682 1 
0 0 0 1 
0 0 0 0 1 
0 0 0 0 0 1 
0 0 0 0 0 1 1 
0 0 0 0 1 0 0 1 
0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 1 
0 0 0 0 1 0 0 1 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 1 0 0 1 
0 0 0 0 0 1 1 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 
0 0 0 0 0 0 0 0 0 0 0 (1 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G.G2o9 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 u 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
！ Values corresponding to fixed entries from "PA TD" will be fixed at the specified values. 
！ Values corresponding to free entries from "PA TD"、YiU he used as the starting values. 
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15.6938 7.8459 27.108 
13.1941 6.9G66 20.5226 22.5693 
13.3915 7.0666 18.5970 17.6632 15.488 
！ Values corresponding to fixed entries from 'TA PHI” will be fixed at the specified values. 
！ Values corresponding to free entries from "PA P H P will be used as the starting values. 
M A T X 
0 . 0 4 9 5 0 . 0 4 9 5 0.0495 0 . 0 4 9 5 0.0495 0 . 0 4 9 5 0 . 0 4 9 5 0 . 0 4 9 5 0 . 0 4 9 5 0 . 0 4 9 5 0 . 0 4 9 5 
0 . 0 4 9 5 0.0495 0 . 0 4 9 5 0 . 0 4 9 5 0.0495 0 . 0 4 9 5 0 . 0 4 9 5 0 . 0 4 9 5 0 . 0 4 9 5 0 . 0 4 9 5 0 . 0 4 9 5 
0.0495 0.0495 0.0495 
！ Specify the values corresponding to the fixed intercept terms in "PA TX” . 
P D 
OU SE TV M I M L NS ND二4 IT=1000 
！ Ou tpu t standard errors, t-values, M.I. based on the ML algorithm and the provided starting 
values. 
！ Set the max imum number of iterations to 1000 and the number of decimal places to 4. 
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